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Abstract 
Plants produce a variety of defense proteins to protect themselves from the invasion 
of pathogens. Lectins and trypsin inhibitors are two major classes of defense proteins. 
In addition to their action against pathogens, they also demonstrate different 
activities in animal systems like immunomodulatory and anti-tumor. 
Lectins are proteins which specifically and reversibly bind to saccharides. From the 
fruiting bodies of Musa acuminata, a 30-kDa homodimeric lectin was isolated. This 
lectin was specific for fructose. And its N-terminal sequence was highly homologous 
of lectins of other Musa species. This lectin evoked a mitogenic response and 
expression of the cytokines INF-y, IL-2 and TNF-a from mouse splenocytes. It also 
inhibited the proliferation of tumor cell lines HepG2 and L1210. Finally this lectin 
showed an inhibitory effect of HIV-1 reverse transcriptase. 
Another lectin was purified from the Yunnan bean Gymnocladus chinensis Baill It is 
a homotetrameric lectin with a molecular weight of 130 kDa. Its N-terminal sequence 
is highly similar to other legume lectins. Like the lectin from Musa acuminata, this 
lectin evoked a mitogenic response from murine splenocytes, showed anti-tumor 
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effect and inhibited the activity of HIV-1 reverse transcriptase. 
Trypsin inhibitors are able to inhibit the proteolytic activity of trypsin and some 
could inhibit the action of other proteases. From the seeds of Lens culinaris, a trypsin 
inhibitor with sequence similarity to other legume trypsin inhibitors was purified. It 
could inhibit both trypsin and chymotrypsin and had a molecular mass of 16 kDa. Its 
activity was reduced in the presence of the reducing agent dithiothreitol. 
Unfortunately, it was devoid of anti-tumor and anti-fungal activity. 
Three additional trypsin inhibitors were isolated from the seeds of the black gram 
Vigna mungo (L.) Hepper. They have molecular weights around 15 - 16 kDa, 
different inhibitory activities towards trypsin and chymotrypsin, and different 
sensitivities upon dithiothreitol treatment. These protease inhibitors did not exert any 
inhibitory effect on HepG2 and MCF-7 cell lines. There was no suppressive action 
on several fungal species including Botrytis cinerea, Mycosphaerella arachidicola, 
and Fusarium oxysporum. In addition, the inhibitors failed to inhibit the activity of 
HIV-1 reverse transcriptase. 
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Chapter 1: Introduction of Lectins 
1,1 Gene ral Introduction 
1.1.1 D efinition and History of Lectins 
Lectins are carbohydrate binding proteins which are able to bind to saccharides 
reversibly and specifically. The word "lectin" is often associated with another word, 
"hemagglutinin". This is because lectins have the ability to agglutinate red blood 
cells. This phenomenon was observed as early as in 1860，when rattle snake venom 
was found to agglutinate pigeon's blood (Mitchell, 1860). Later on it was discovered 
that this hemagglutinating activity is due to the interaction between lectins and the 
surface saccharides of erythrocytes. 
The term "lectin" was introduced in 1954 by William Boyd. This name was derived 
from the Latin word "legere" which means "to select". This naming was largely due 
to the discovery of the chemical nature of the ABH-blood group system based on the 
carbohydrate specificity of lectins in 1900 by the Austrian immunologist Karl 
Landsteiner. Because of this discovery he was awarded the Nobel Prize for medicine 
in 1930. 
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Nowadays, the definition of lectins is more precise. Apart from binding 
carbohydrates, lectins do not biochemically modify the saccharides which they bind. 
This criterion excludes enzymes like glycosytransferases and glycosidases. 
Furthermore, lectins are delimited from immunoglobulins since lectins were regarded 
as "antibody-like substances" originally (Boyd and Shapleighe, 1954). 
1.1.2 Mor e than Just Carbohydrate Binding 
Although lectins are regarded as carbohydrate-binding proteins, there is something 
more other than binding sugars. Studies have indicated that there are some 
hydrophobic binding sites on some lectins which are independent of their 
sugar-binding sites. 
One example is the finding that snake gourd seed lectin is able to bind porphyrins 
even in the presence of sugar (Komath et al., 2000). Porphyrins are hydrophobic 
molecules which have several clinical applications. Among these several uses, 
photodynamic therapy is particularly attractive. Therefore it is suggested that lectins 
may be useful in carrying the drug to the target tissue, thereby increasing the 
specificity of photodynamic therapy. 
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It was also found that the hydrophobic fluorescence probes ANS and TNS could bind 
to lima bean lectin at a site distinct from its sugar binding site (Roberts and Goldstein, 
1982). These probes usually bind to protein sites which recognize co-factors and 
hormones, thus it is speculated that lectins may serve as endogenous receptors. 
1.1.3 C lassification of Lectins 
Lectins are present ubiquitously in both animals and plants. Animal lectins are 
classified into many classes according to their carbohydrate specificity, subcellular 
localization, the biological processes they involve and dependence on divalent 
cations (Kilpatrick, 2002). Examples of these classes include calnexins, C-type 
lectins, N-type lectins, S-type lectins and galectins. 
For plant lectins, the best-characterized family is the Leguminosae including lectins 
such as Con A (concanavalin A, a lectin from Jack bean) and soybean agglutinin. 
Lectins from two other plant families have also been characterized. One is the 
Gramineae，which includes wheat germ. Another is the Solanaceae which includes 
potatoes and tomatoes. As plant lectins demonstrate a wide range of carbohydrate 
specificity, they are classified according to the small carbohydrate haptens they 
recognize, for example, galactose-binding lectins or GlcNAc-binding lectins. 
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1.2 Pla nt Lectins 
1.2.1 History of Plant Lectins 
The very first research on plant lectins was done by Hermann Stillmark in 1888. In 
his investigation on the toxic principle in castor beans {Ricinus communis), he 
discovered that the extract of the bean and four other beans of the same plant family 
could agglutinate blood cells from different animals, including dogs, cats, rabbits and 
horses. At that time he speculated that its toxicity and agglutinating activity originate 
from the same substance which he designated as ricin (Stillmark, 1888). Now it is 
known that castor beans contain a tetrameric lectin called Ricinus communis 
agglutinin which is non-toxic. It also contains a dimeric toxic protein named ricin. 
Ricin consists of two protein chains (A and B) of around 30 kDa each that are linked 
to each other by a disulfide bond. The ricin A chain is a highly specific RNA 
N-glycosidase on 28S RNA, which potently inhibits protein synthesis, while the B 
chain is a lectin that binds galactosyl residues. The B chain is important in assisting 
the entry of the A chain into cells by binding to cell surface carbohydrates. 
The first lectin successfully purified was Con A from Jack bean {Canavalia 
ensiformis) by American biochemist James B. Sumner back in 1919. He also 
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demonstrated that Con A could interact not only with red blood cells but also starch 
and glycogen, and this interaction could be inhibited by simple carbohydrates such as 
sucrose (Sumner and Howell, 1936). This observation was the first clear indication 
that lectins are able to bind carbohydrates. 
1.2.2 Occurrence of Plant Lectins 
In plants, lectins are often found in the highest abundance in the seeds. But they are 
also present in the roots {Phytolacca, Urticd), tuber or bulbs (Scilla, Allium), leaves 
(Aloe, Vicia unijugd) or bark {Maackia, Robinia). Although lectins are present in a 
wide variety of species, the amount of lectin present varies significantly from one 
plant species to another (Freier et al., 1985). 
Inside the cells, lectins are mostly found in protein bodies, binding with proteins 
synthesized in the endoplasmic reticulum. The main contents of the protein bodies 
are storage proteins like vicilin and legumin (Shutov et al., 1998), hydrolases like 
glycosidases and phytin which helps storing phosphate. On the other hand, lectins are 
also found in the cytoplasm (Peumans et al., 2000) and intracellular spaces (Etzler et 
al., 1984). 
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1.3 Physiological Roles of Plant Lectins 
Although lectins are ubiquitiously present among plant species, an important 
question remains to be answered. What is the physiological role of lectins in plant? 
Up to now there is no definite answer to this question. Scientists are speculating 
based on experimental results that lectins might serve as storage proteins and some 
think that lectins function as defense proteins as well as involving in the symbiosis 
with bacteria. 
1.3.1 Lec tins as Storage Proteins 
Evidences which support lectins as storage proteins include the observation that 
lectins are often present in large amounts in storage tissues of plants, for instance, 
seeds. It is also observed that the amount of lectin is developmentally regulated, but 
they are generally not degraded during germination (Nahalkova et al.，2001). This 
leads to the suggestion that lectins are responsible for interacting with storage 
proteins. This is supported by research showing that when pea or lentil seed extracts 
were applied to a column with immobolized pea and lentil lectin respectively, 
proteins which were adsorbed onto the column were primarily storage proteins like 
legumin and vicilin (Einhoff et al., 1986; Freier et al., 1987; Kummer et al., 1988). 
6 
1.3.2 Lec tins as Defense Proteins 
The presence of the extremely cytotoxic lectin like ricin is one of the reasons 
suggesting lectins play a role in the defense mechanism of plants against pathogens 
or insect attack. A recent study demonstrated a lipoxygenase (LOX) activity in 
horsegram seed lectin (Roopashree et al.，2006). This LOX activity has a variety of 
functions including the production of molecules that can trigger the metabolic 
response of pathogen attack. Also, lectin from Phaseolus vulgaris (PHA) was shown 
to be toxic to potato leafhopper. The toxicity is due to the binding of lectin to the 
midgut epithelial cells, leading to severe disorganization and finally occlusion of the 
lumen (Habibi et al., 1998). However PHA is not active against cowpea weevil. On 
the contrary, wheat germ agglutinin (WGA) and a lectin from Griffonia simplicifolia 
are inhibitory against the growth of cowpea weevil (Murdock et al., 1990; Zhu et al., 
1996). 
Besides being toxic to insects, some lectins are toxic to mammals as well, one of 
which is PHA (Liener, 1986). Experiments also showed that feeding rats with a diet 
including WGA reduced their dietary protein utilization and growth (Pusztai et al., 
1993). 
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Some lectins also demonstrate anti-fungal activities. Those lectins are able to bind 
chitin, a component of fungal cell wall, Chitin is the pi -> 4 linked polymer of 
N-acetylglucosamine (GlcNAc). Therefore, generally, lectins specific in binding 
GlcNAc could bind to chitin and exert anti-fungal activities. This was confirmed by 
studies on several lectins in vitro, like WGA (Ciopraga et al., 1999). 
1.3.3 Lec tins as mediator in symbiosis with bacteria 
Leguminosae plants are known to be able to establish a symbiosis with 
nitrogen-fixing bacteria of the genus Rhizobium and other related genera, and this 
symbiosis is species-specific, which means that a particular Rhizobium species would 
only nodulate one or a few legume species. This phenomenon and the abundance of 
lectins among legume species suggest that lectins might take part in the specific 
interaction between plant roots and rhizobial bacteria. It should be noted that the 
lectins in this case are not from the seeds but roots since seed lectins do not contact 
soil bacteria in vivo. A study showed that transferring a pea lectin gene to white 
clover roots renders the plant to host also pea-specific bacteria (Diaz et al.，1995), 
and an intact sugar-binding site is necessary for this to occur (van Eijsden et al., 
1995). 
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1.4 Biolo gical Activities of Plant Lectins 
1.4.1 I mmunomodulatory Activity 
One of the most classical and remarkable activities of plant lectins are their ability to 
stimulate mitotic cell division of immunocytes. This phenomenon was discovered 
back in 1960, when Peter Nowell accidentally observed that PHA strongly stimulated 
mitotic division of quiescent peripheral lymphocytes (Nowell, 1960). This was 
marked as the beginning of cellular immunology, since at that time it was believed 
that lymphocytes are dead-end cells that could neither further differentiate nor 
proliferate. Shortly after this breakthrough several lectins were found to be mitogenic 
as well, with the most significant one done by Werner G. Jaffe at the University of 
Venezuela, Caracas. He found that Con A could act as a mitogen and its binding to 
lymphocytes could be inhibited by low concentrations of mannose. This drew a 
conclusion that mitogenic stimulation is due to the binding between lectins and cell 
surface saccharides (Wecksler et al.，1968). But it should be noted that not all lectins 
capable of binding lymphocytes are mitogenic, indicating the need of binding to 
specific carbohydrates for stimulation to occur. 
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Lectin-induced mitosis of lymphocytes is different from that of antigen-induced 
activation. A lectin induces a polyclonal activation of a large population of 
lymphocytes while an antigen only activates several clones which specifically 
recognize the antigen. And in the beginning it was believed that only T-cells could be 
stimulated by lectins, but later on it was found that some lectins could activate 
B-cells as well, like pokeweed mitogen (Fames et al.，1964). 
The ability of lectins to non-specifically activates a large number of lymphocytes 
makes lectins a good tool for studying the mechanism of mitogenic stimulation and 
signal transduction through cell membrane. The stimulated lymphocytes were found 
to produce many growth factors collectively known as cytokines or lymphokines. 
The first growth factor was discovered in 1976 by Robert C. Gallo and the factor was 
later named interleukin-2 (IL-2) (Mier and Gallo, 1982). 
1.4.2 Lec tins and Cancer 
Besides immunomodulatory activities, lectins are also involved in cancer studies. 
The use of lectins in cancer research was initiated by the observation that lectins 
could interact with cell surface of malignant cells, for example, the interaction 
between WGA and leukemic cells (Aub et al., 1965). In addition to that is the finding 
10 
that Con A agglutinated malignantly transformed cells but not the normal parental 
cells (Inbar et al., 1972), while soybean agglutinin (SBA) also demonstrated a similar 
characteristic (Lis et al., 1970). These reports are strong evidences that malignant 
transformation involves changes in cell surface carbohydrates. 
Now we also know that the expression of carbohydrate residues changes with the 
progression of cancer. Therefore the presence and the state of different types of 
cancer can be investigated by exploiting the cell surface carbohydrates. This makes 
lectin a powerful tool for cancer identification. Furthermore, the degree of metastasis 
can also be investigated using lectins. For example, the lectin from jack fruit 
{Artrocarpus integrifolia), jacalin, and WGA were found to be able to sensitively 
predict the presence of colorectal cancer (Desilets et al., 1999). Also, the binding 
properties of PHA were found to be correlated to the clinical outcome of patients 
with diffuse large B-cell lymphoma (B-DLCL) (Suzuki et al., 1999). 
Besides cancer identification, lectins are also exploited in the treatment of cancer, as 
lectins were found to have anti-tumor activity in vitro, in vivo and in animal case 
studies. As reported by Irvin E. Liener (Liener, 1991), SBA was found to inhibit the 
growth of a transplanted tumor in rats for the first time nearly 50 years ago. Since 
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then, much effort was paid to research on the anti-tumor activity of lectins. One study 
found that by feeding mouse with a PHA-included diet, the growth of lymphoma in 
the mouse was greatly reduced (Pryme et al., 1999). Another study showed that the 
injection of Pleurotus ostreatus lectin into sarcoma-bearing mice enhanced their 
survival (Wang et al., 2000) 
It was proposed that lectins might play a role in apoptosis induction, growth 
inhibition and macrophage activation. However, the exact mechanism of how lectins 
exert their anti-tumor effect is not clear and remains to be elucidated. 
1.4.3 Antiviral Activity 
Some lectins could bind to viral envelop glycoprotein which in turn inhibit infection 
of cells by interfering with the adhesion and penetration of viruses to cells. For 
example, an envelop glycoprotein gpl20 of human immunodeficiency vims (HIV) 
contains high mannose and complex chains of oligosaccharides, which can be 
recognized by lectins specific for N-linked oligosaccharides containing high 
mannose but not 0-linked oligosaccharides. This was confirmed by research on a 
broad range of lectins including WGA, ConA, Lens culinaris agglutinin (LCA) and 
PHA. These lectins are specific for N-linked oligosaccharides and all of them are 
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able to inhibit in vitro HIV infection at nanomolar range. On the contrary, lectins 
recognizing 0-linked oligosaccharides like Helix pomatia lectin were shown to be 
devoid of anti-HIV activity. The D-mannose specific plant lectins were found to 
inhibit the formation of HIV syncytium by directly interfering with virus-membrane 
fusion but not by affecting adsorption of virus (Weiler et al., 1990; Balzarini et al., 
1991，1992). 
A special phenomenon was observed with jacalin, a lectin from Artocarpus 
hetewphllus. Initial experimental results showed that jacalin completely inhibited in 
vitro HIV infection of CD4+ lymphoblastoid cells. This inhibition was believed to be 
due to its mannose-binding site. But later on it was found that jacalin did not interact 
with gpl20 or inhibit the interaction between CD4 and gpl20. Instead it bound with 
lymphocytes. This is because the active site in its molecular structure, formed by 
amino acid residues 79-92，is similar to the peptide of the second conserved domain 
of gpl20. The inhibition is due to the inhibition of adsorption of HIV to CD4+ 
lymphocytes by interfering with some signaling process after binding of CD4 and 
gpl20. This was confirmed by an experiment using a synthetic peptide chain 
composed of the amino acid residues 79-92 of jacalin. A potent anti-HIV effect was 
also demonstrated by this peptide (Favero et al., 1993). 
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1,5 Lectins in Glycomic Study 
1.5.1 Bac kground 
The term "glycomics" is analogous to "genomics" and "proteomics", which means 
the study of complex carbohydrates on the surface of lipids and proteins. Genomics 
and proteomics have become popular topics in bioscience research while glycomics 
is still playing a minor role but it is starting to gain scientists' interest. Scientists start 
to realize that glycomic study is important to many biological processes. A recent 
study revealed that the product of a universal and key development gtnQ, fringe, is a 
glycosyltransferase (Haltiwanger and Stanley, 2002). In addition, glycomics could be 
applied to study interaction between cells during development or diseases and the 
specificity of drug targeting can be enhanced. This is also true in the case of cancer, 
in which the glycosylation pattern of cells changes during malignant transformation 
and cancer progression. Furthermore, glycomics is useful in characterizing cell types 
and tissues as different cells and tissues have different glycosylation patterns, for 
example, embryonic stem cells (Muramatsu and Muramatsu, 2004) and kidney 
(Palcic et al., 1990). 
The carbohydrates on cell surfaces are usually highly complex. Its possible 
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combinations are several orders of magnitude higher than that of the peptide-based 
structure of proteins. In order to manipulate such a complex "glyco-code", molecules 
which can specifically recognize saccharide structures are needed. Lectins fulfill this 
criterion perfectly and they are actually the physiological decipherer of the 
glyco-code in nature. 
1.5.2 Glyco-catch method 
One example of using lectins in glycomic study is the technique called lectin affinity 
chromatography. In this case, lectins are immobilized on gel beads and packed into a 
column. When a protein mixture is applied onto the column, glycoproteins with 
saccharides specific to the lectin would bind onto the column. The bound protein can 
then be eluted out with a buffer containing the specific saccharide. This technique 
can be used to enrich glycoprotein from a mixture of proteins. Then the eluted 
proteins are subjected to extensive proteolysis and the resultant peptides and 
glycopeptides are loaded onto the lectin affinity column again. The bound 
glycopeptides are further separated by reverse phase HPLC and each fraction is then 
sequenced. Finally, by database search, the genes which encode the glycopeptides 
can be identified. The unbound proteins after the first round of affinity 
chromatography can be loaded onto a column with another lectin immobilized in 
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order to capture another type of glycoprotein. This approach is termed the 
glyco-catch method (Hirabayashi and Kasai, 2002). Lectins commonly used for this 
purpose include Con A, WGA and peanut agglutinin (PNA). 
1.5.3 Lec tin Blot Analysis 
Another technique involving lectins is called lectin blot analysis. This technique is 
similar to western blot analysis. The only difference between the two is that a 
biotin-labelled lectin is used rather than the primary antibody used in western blot. 
Then an avidin-labelled reporter can be utilized to locate the site where lectin binding 
occurs (Fig 1.1). This is useful in detecting the presence of a specific type of 
glycoprotein. 
^ Avidin-labelled 
e . ^ reporter 
西 
/ ：―甚 B i o t i n - l a b e l l e d 
/ : — 7 lectin 
Protein on 
membrane 
Fig 1.1. Lectin blot analysis. A specific type of glycoprotein on a membrane is 
detected by a biotin-labelled lectin. The position of binding can be visualized by an 
avidin-labelled reporter which binds to biotin. 
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1.6 Aim of current study 
Lectins demonstrate a great diversity of biological activities and different 
carbohydrate binding specificities which make them useful in numerous applications. 
However, a particular type of lectin cannot be useful for all desired purposes. For 
instance, a lectin is more specific in inhibiting the growth of hepatocarcinoma cells 
but not lymphoma cells. Some lectins demonstrate anti-HIV activity while others 
might not. Also, a diversified collection of lectins with different carbohydrate 
specificities is certainly useful for glycomic study, so that a broader range of glycans 
could be detected and studied. Therefore more lectins with different properties are 
needed. 
Interestingly, although lectins from the same plant family share a high level of 
sequence homology, their properties and demonstrated activities could be quite 
different. This can be observed from the well-studied legume lectins. 
The objective of the current study was to isolate lectins from plants and characterize 
their physical and biological properties including molecular mass, pH stability, 
thermostability, carbohydrate specificity, immunomodulatory activity and anti-tumor 
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activity to see if any outstanding characteristic would be discovered. The data 




Chapter 2: Purification and Characterization of 
a Lectin from Musa acuminata 
2.1 Introduction 
The fruiting body of Musa acuminata’ also known as the Del Monte banana, is a 
popular consumable fruit available in most supermarkets in western countries. 
Studies on banana lectins have been reported by several research groups. For 
example, a lectin from Musa paradisiac, denoted as BanLec-I, was isolated and 
characterized. BanLec-I did not agglutinate untreated human or sheep erythrocytes, 
but it did agglutinate rabbit erythrocytes and has a molecular mass of approx. 27 kDa 
with two identical subunits (Koshte et al., 1990). Other studies on banana lectin 
include Musa acuminata lectin by Peumans et al. (2000) and Musa basjoo lectin by 
our group (Wong and Ng, 2006). However, a detailed characterization on Musa 
acuminata lectin is not present. Therefore, the objective of the present investigation 
is to isolate the lectin from the fruiting bodies of Musa acuminata, followed by 
further characterization and finally comparing it with the lectins previously studied. 
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2.2 Materials and Methods 
2.2.1 Purification Scheme 
Ripe Del Monte bananas (Musa acuminata) were purchased from a local 
supermarket. The pulps of the bananas were blended in distilled water using a 
Waring blender. To the supernatant obtained after centrifugation (15000 x g, 30 
minutes) of the homogenate, (NH4)2S04 was added to achieve 10% saturation. The 
mixture was centrifuged again (15000 x g, 30 minutes) and (NH4)2S04 was added to 
attain 80% saturation. The supernatant obtained after centrifugation was then 
dialyzed against distilled water at 4°C in order to remove residual (NH4)2S04. 
NH4HCO3 buffer (pH 9.4) was added to the dialyzed supernatant to obtain a 
concentration of 10 mM. The supernatant was then loaded on a DEAE-cellulose 
column (5 cm x 20 cm) in 10 mM NH4HCO3 buffer (pH 9.4). After washing away 
the unadsorbed fraction (Dl), adsorbed fractions (D2 & D3) were eluted with starting 
buffer containing 0.2 M and 1 M NaCl, respectively. After examining the 
hemagglutinating effect of fractions Dl-3, the lectin-enriched fraction D2 was 
dialyzed against 10 mM NH4OAC buffter (pH 4.5) at 4°C, and then chromatographed 
on a SP-Sepharose column (2.5 cm x 20 cm) which had previously been equilibrated 
with 10 mM NH4OAC buffer (pH 4.5). Following elution of unadsorbed proteins 
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(fraction SI), adsorbed proteins were desorbed with a stepwise gradient of NaCl (0.4 
M and 1 M) in 10 mM NH4OAC buffer (pH 4.5). The adsorbed fraction (S2), which 
was eluted with 0.4M NaCl, was the lectin-enriched fraction. It was then dialyzed, 
lyophilized and subjected to gel filtration on a Superdex 75 HR 10/30 column using 
an AKTA Purifier in 20 mM NH4HCO3 buffer (pH 9.4). No hemagglutinating 
activity was detected in all fractions collected. The lectin was adsorbed on Superdex 
75, and was eventually eluted with NH4HCO3 buffer (pH 9.4) containing 200 mM 
glucose. The eluted fraction (PI) contained purified lectin. The purification scheme 
is illustrated in Fig 2.1. 
2.2.2 Assay of Hemagglutinating Activity 
In the assay for lectin (hemagglutinating) activity, a serial two-fold dilution of the 
lectin solution in microtiter U-bottomed 96-well plates (50 )j,l) was mixed with 50 \x\ 
of a 2% suspension of rabbit red blood cells in phosphate buffered saline (pH 7.2) at 
20°C. The results were recorded after about 1 h when the blank containing only red 
cells had fully sedimented and appeared as a dot at the bottom of the well. The 
hemagglutination titer, defined as the reciprocal of the highest dilution exhibiting 
hemagglutinating activity. A titer of one is defined as one hemagglutination unit. 
Specific activity is defined as hemagglutination unit per mg protein. 
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2.2.3 Sodium Dodecyl Sulfate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) 
SDS-PAGE was carried out according to the procedure of Nielsen and Reynolds 
(1978), using a 12% resolving gel and a 5% stacking gel. At the end of 
electrophoresis, the gel was stained with Commassie brilliant blue. 
2.2.4 Molecular Mass Determination by FPLC Gel 
Filtration 
FPLC gel filtration was carried out using a Superdex 75 HR 10/30 column that had 
been calibrated with molecular-mass standards (Amersham Biosciences). 
2.2.5 Protein Concentration Determination 
Protein concentration was determined by the method of Bradford using bovine serum 
albumin as a standard and the reagent from Bio-Rad. 
2.2.6 N-terminal amino acid sequence analysis 
Amino acid sequence analysis was carried out using an HP G1000A Edman 
degradation unit and an HP 1000 HPLC system (Lam et al., 1998). 
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2.2.7 Inhibition of Lectin-induced Hemagglutination by 
Carbohydrates 
The assay to investigate the inhibition of lectin-induced hemagglutination by various 
carbohydrates was performed in a manner analogous to the hemagglutination assay. 
Serial two-fold dilutions of sugar samples were prepared in phosphate-buffered 
saline. All of the dilutions were mixed with an equal volume (25 i^ l) of a solution of 
the lectin with 16 hemagglutination units. The mixture was allowed to stand for 30 
min at room temperature and then 50 \i\ of 2% rabbit erythrocyte suspension was 
added. The minimum concentration of the sugar in the final reaction mixture, which 
completely inhibited 16 hemagglutination units of the lectin preparation, was 
calculated. Con A and bovine serum albumin were used as the positive control and 
the negative control, respectively. 
2.2.8 Effect of Temperature and pH on Lectin-induced 
Hemagglutination 
The effects of temperature and pH on hemagglutinating activity of the lectin were 
examined as previously described (Wang et al., 2003). 
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2.2.9 Assay of Mitogenic Activity on Murine Splenocytes 
BALB/C mice (20 - 25 g body weight) were sacrificed by cervical dislocation and 
the spleens were aseptically removed. Splenocytes were isolated by pressing the 
tissue against a sterilized 100-mesh stainless steel sieve and resuspended to 4 x 10^  
cells/ml in RPMI 1640 culture medium supplemented with 10% fetal bovine serum, 
100 lU/ml penicillin, and 100 |ag/ml streptomycin. The splenocytes (7 x 10^  cells/100 
|il/ well) were seeded into a 96-well culture plate and serial concentrations of the 
sample in 100 \i\ medium were added. Following incubation of the splenocytes at 37 
°C in a humidifed atmosphere of 5% CO2, in the presence or absence of the sample 
for 48 h，10 \i\ [methyl-^H] thymidine (0.25 )j,Ci, Amersham Biosciences) was added, 
and the splenocytes were incubated for another 18 h under the same conditions. The 
splenocytes were then harvested with an automated cell harvester onto a glass fiber 
filter, and the radioactivity was measured with a Beckman Model LS 2900TR liquid 
scintillation counter. All reported values were the means of triplicate samples. Con A 
was used as a positive control. 
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2.2.10 Assay of Nitric Oxide Production by Murine 
Peritoneal Macrophages 
The assay was conducted as described by Wong and Ng (2006). Macrophages were 
collected from mice 3 days after thioglycolate injection. The cells were washed and 
seeded in a 96-well culture plate for 1 h before incubating with the lectin for 24 h. 
The amount of nitric oxide in the culture medium was determined by a colorimetric 
method using Griess reagent. Lipopolysaccharide (LPS) was used as a positive 
control in this assay. Dexamethasone (5 |aM) was used as an inducible nitric oxide 
synthase (iNOS) inhibitor whereas polymyxin was used as an LPS inhibitor in this 
assay. 
2.2.11 Assay of Antiproliferative Activity on Tumor Cell 
Lines 
The antiproliferative activity of the lectin was determined as follows. The cell lines 
L1210 and HepG2 were purchased from American Tissue Culture Collection. The 
cell lines were maintained in Dulbecco's modified Eagles medium (DMEM) 
supplemented with 10% fetal bovine serum, 100 lU/ml penicillin, and 100 |xg/ml 
streptomycin at 37 °C in a humidified atmosphere of 5% CO2. Cells (1 x lO*) in their 
exponential growth phase were seeded into each well of a 96-well culture plate and 
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incubated for 3 h before addition of the lectin. Incubation was carried out for a 
further 48 h. After incubation, 30 i^l of 5 mg/ml MTT was added to each well 
followed by incubation for 4 h. The medium in the wells was removed and then 150 
|xl of DMSO was added to the wells to dissolve the MTT-formazan formed. The 
absorbance at 595 nm was then measured using a microplate reader. 
2.2.12 Assay of HIV-1 Reverse Transcriptase Inhibitory 
Activity 
The assay for HIV-1 reverse transcriptase inhibitory activity was carried out 
according to the instructions supplied with the assay kit from Boehringer Mannheim 
(Germany). The assay took advantage of the ability of reverse transcriptase to 
synthesize DNA, starting from the template/primer hybrid poly (A) oligo (dT) 15. 
The digoxigenin- and biotin-labeled nucleotides in an optimized ratio were 
incorporated into one of the same DNA molecule, which was freshly synthesized by 
the reverse transcriptase (RT). The detection and quantification of synthesized DNA 
as a parameter for RT activity followed a sandwich ELISA protocol. Biotin-labeled 
DNA bound to the surface of microtiter plate modules that had been pre-coated with 
strepatavidin. In the next step, an antibody to digoxigenin, conjugated to peroxidase, 
bound to the digoxigenin-labeled DNA. Finally, the peroxidase substrate, 
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2,2'-Azino-bis(3-Ethylbenzthiazoline-6-Sulfonic Acid), abbreviated as ABTS，was 
added. The peroxidase catalyzed the cleavage of the substrate, producing a colored 
reaction product. The absorbance of the samples at 405 nm was determined using a 
microplate reader and was directly correlated to the level of RT activity. A fixed 
amount (4-6 ng) of recombinant HIV-1 reverse transcriptase was used. The 
inhibitory activity of the lectin was calculated as percent inhibition as compared to 
the control without the lectin. 
2.2.13 RNA Extraction 
TRIZOL® Reagent from Invitrogen was used. The extraction procedure followed the 
instructions provided by Invitrogen Company. Briefly, 1 ml TRIZOL® Reagent was 
added to 4 x 10^  splenocytes with or without lectin treatment and incubation was 
carried out at 4°C for 5 min. Then 0.2 ml chloroform was added per ml of TRIZOL® 
Reagent. The mixture was shaken, centrifuged, and the upper aqueous phase was 
transferred to a fresh microtube. 0.5 ml of isopropanol was then added to precipitate 
the RNA and the RNA pellet was washed with 70% ethanol. The RNA pellet was 
resuspended in diethyl pyrocarbonate (DEPC)-treated water for the next step. 
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2.2.14 Reverse Transcription: First Strand cDNA 
Synthesis 
This assay was conducted by using a GeneAmp® RNA PGR kit from Applied 
Biosystems Company. An RNA sample (l|ig of total RNA) was heated at 95°C for 5 
min and reverse transcribed at 42°C for 1 h in a 20 |il reaction mixture containing 5 
mM MgCl2, PGR buffer II，lU/^ iL RNase inhibitor, oligo d(T)16, ImM dNTP, and 
2.5 U/|iL murine leukemia virus (MuLV) reverse transcriptase. The amplification 
was carried out in a GeneAMP PCR System 9600 (Applied Biosystems Company). 
2.2.15 Polymerasae Chain Reaction (PCR) 
This assay was conducted by using an AmpliTag® Gold kit (Applied Biosystems 
Company). A PCR mixture was added to the RT product to make up a 50 i^l reaction 
mixture containing Gold buffer, 2.5 mM MgCb, 200 |iM dNTP, 0.5 j^ M forward and 
< 
reverse primer, and 1.25 U AmpliTag® Gold. PCR was performed for 25 cycles. 
The sequences of cytokine primers are shown in Table 2.1. 
Glyceraldehyde-3 -phosphate dehydrogenase (GAPDH) gene was used as a 
housekeeping gene (Ooi et al., 2002). The PCR products (25 |xl) were visualized by 
agarose gel electrophoresis at 100 V for Ih in Tris-borate-EDTA buffer with a 2% 
agarose gel containing 0.5 |ig ethidium bromide per ml. 
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Table 2.1. Sequences of the primers used in RT-PCR. 
Cytokine Sequence (5，切 3，) 二 
r APDH upper primer ACCACAGTCCATGCCATCAC 
lower primer TCCACCACCCTGTTGCTGTA 
upper primer TTGATGGACCTACAGGAGCTCCTGAGCA 
IL-2 lower primer 393 
AGAGAGCCTTATGTGTTGTAAGCAGGAGG 
upper primer TCCCCAAAGGGATGAGAAGTTC 
lower primer TCATACCAGGGTTTGAGCTCAG 叫 
upper primer AGGAACTGGCAAAAGGATGGTG 
lower primer GTGCTGGCAGAATTATTCTTATTG ^^^ 
Key: GAPDH: glyceraldehyde phosphate dehydrogenase; IL-2: interleukin-2; TNF-a: 
tumor necrosis factor-alpha; ESfF-y: interferon-gamma. 
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1 kg of fresh banana pulp was homogenized 
/
Centrifuged 
• 广汽似 ^^  , 
(discarded) 10OOO rpm, 30 min 
Ammonium sulfate added to supernatant to achieve 20 % saturation 
/ Centrifuged 
二 / 測。 _ , 3。 _ 
Ammonium sulfate added to supernatant to achieve 80 % saturation 
/ Centrifuged 
Supernatant / 15000 rpm. 30 min 
(discarded) 
Precipitate re-dissolved in clHjO 
Dialyzed 
Reconstituted in 10 m M NH4HCO3 (pH 9 .4 ) 
Loaded onto DEAE-cellulose 
Flowthrough ^ ^ ^ ^ 1.0 M NaCleluate 
‘. (discarded) (discarded) 
0.2 M l^aCI eluate was the lectin enriched fraction 
Dialyzed 
Reconstituted in 10 mM NH^OAc (pH 4.5) 
Fig 2.1. Purification scheme of Musa acuminata lectin 
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Loaded onto SP-Sepharose 
Flowthrough 1.0 M NaCl eluate 
(discarded) (discarded) 
0.4 M NaCl eluate was the lectin enriched fraction 
Dialyzed 
Lyophilized 
Reconstituted in 20 mM NH4HCO3 (pH 9.4) 
Affinity Chromatography on Superdex 75 
Flowthrough 
(discarded) 
Wash column with 200 mM glucose in buffer 
Lectin activity in eluate 
Dialyzed 
‘ Lyophilized 
Reconstituted in 20 mM NH.HCOj (pH 9.4) 
Gel Filtration Chromatography on Superdex 75 
, in the presence of 200 mM glucose 
Pure 丨ectin collected 
Fig 2.1. (Continued) 
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2.3 Results 
The banana extract was fractionated on DEAE-cellulose into a large unadsorbed 
fraction and two slightly smaller adsorbed fractions eluted with 0.2 M NaCl and 1 M 
NaCl in the starting buffer, respectively. Hemagglutinating activity resided only in 
the fraction of banana extract adsorbed on DEAE-cellulose and desorbed with buffer 
containing 0.2 M NaCl (data not shown). Fractionation of this lectin-enriched 
fraction on SP-Sepharose yielded an unadsorbed fraction without hemagglutinating 
activity, a sharp adsorbed fraction with hemagglutinating activity that was desorbed 
with buffer containing 0.4 M NaCl, and a small adsorbed fraction eluted with buffer 
containing IM NaCl but devoid of hemagglutinating activity (data not shown). Del 
Monte banana lectin (DBL) appeared as a single 30-kDa peak in gel filtration (Fig 
2.2; Fig 2.3) and a 15-kDa band in SDS-PAGE (Fig 2.4). The final yield of the 
protein was 6 mg and a purification fold of 72.2 was achieved (Table 2.2). It 
demonstrated an N-terminal sequence highly homologous to previously reported 
lectins from other banana species (Fig 2.6). Hemagglutinating activity of DBL was 
stable at 0 °C - 80 °C for 30 min, but was totally abolished after exposure to 90 °C 
for 30 min (detailed data not shown). And it was shown that full lectin activity was 
retained after treatment with pH 1-13, and the activity dwindled to an undetectable 
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level at more extreme pH values. DBL lost its hemagglutinating activity in the 
presence of fructose, rhamnose, glucose, marmose or glucosamine. The minimal 
concentration of sugar producing inhibition of hemagglulination was 3.12 mM for 
glucose, mannose and fructose, 6.25 mM for glucosamine, and 25 mM for rhamnose. 
Arabinose, galactose and sucrose had no inhibition effects when tested up to a 
concentration of 250 mM (Fig 2.5). 
DBL evoked a mitogenic response from mouse splenocytes at a lower concentration 
(7.8 mM) than Con A (38 mM) although the magnitude of the response was smaller 
(about 5000 cpm compared with about 25000 cpm) (Fig 2.7). It stimulated the gene 
expression of cytokines including INF-y, IL-2 and TNF-a (Fig 2.8). However, DBL 
was shown to be devoid of stimulatory activity on nitric oxide production by murine 
‘ macrophages (Fig 2.9). On the other hand, it exhibited a more potent antiproliferative 
effect on hepatoma cell line HepG2 than on leukemia cell line L1210, with an IC50 of 
75 nM (Fig 2.10) and 3.6 [M respectively (Fig 2.11). Finally, DBL inhibited HIV-1 
reverse transcriptase activity with an IC50 of 3 |LIM (Fig 2.12). 
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Table 2.2. Purification of Del Monte banana lectin (DBL). 
Specific Total Total 
Purification Recovery of 
activity Protein Activity ， fold 3 Activity (%) 
(U/mg) (mg) (Uxl03) 
Crude Extract 378 1 1458 551 100 
DEAE-cellulose (Dl) NA 572 -
DEAE-cellulose (D2) 947 2.5 460 436 79 
DEAE-cellulose (D3) NA 226 -
SP-Sepharose (SI) NA - 185 -
SP-Sepharose (S2) 2694 7.1 116 314 57 
SP-Sepharose (S3) NA - 105 -
‘ After Superdex 75 27306 72.2 6 164 29 
Key: NA: No detectable activity 
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Fig 2.2. Profile of elution of fraction PI from Superdex HR 10/30 gel filtration 
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Fig 2.3. Calibration curve of Superdex 75 column. The four markers are bovine 
serum albumin (66 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa) and 
ribonuclease A (13.1 kDa). 
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94kDa |iJ丨『丨丨臃 
67ia)a i m i i i i 
30 idDs ^IHIHmilK^ 
144 mu 
- ‘ — » 
“、\ 二 
Marker DBL 
‘.Fig 2.4. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
pattern. Molecular mass markers (from top): phosphorylase b (94 kDa), bovine 
serum albumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), trypsin 
inhibitor (20 kDa) and a-lactalbumin (14.4 kDa). DBL: Del Monte banana lectin. 
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Carbohydrate 
concentration Glucosamine Fructose Glucose Rhamnose Mannose 
(mM) • 
200 + + + + + 
100 + + + + + 
50 + + + + + 
25 + + + + + 
12.5 + + + - + 
6.25 + + + - + 
3.12 - + + - + 
1.56 - -
0.78 - -
0 - - - - -
Fig 2.5. Carbohydrates showing inhibitory activity towards lectin-induced 
hemagglutination (16 hemagglutination units) and their respective effective 
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Fig 2.7. Mitogenic activity of DBL and Con A (positive control) on murine 
splenocytes. Cell proliferation was measured by the amount of 
‘'[methyl-^H]-thymidine incorporated. Maximal response was achieved at 7.8 nM of 
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:I 丨 M W z z ^ ^ 
LPS DBL (7.8 nM) 
(15|Lig/ml) Negative Control 
Fig 2.9. Stimulation of nitric oxide production by murine peritoneal macrophages by 
‘ DBL and lipopolysaccharide (LPS) (positive control). The resulting nitrate in the 
medium was assayed spectrophotometrically using Griess reagent (Data represent 
means 士 SD，n = 3) 
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Fig 2.10. Inhibitory effect of DBL and Con A (positive control) on proliferation of 
HepG2 cells. Cell viability was determined with MTT assay. IC50 of DBL was 
‘determined to be 75 nM (Data represent means 士 SD，n = 3). 
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Fig 2.11. Inhibitory effect of DBL and Con A (positive control) on proliferation of 
‘ LI210 (leukemia) cells. Cell proliferation was determined by MTT assay. IC50 of 
DBL was determined to be 3.6 |aM (Data represent means 士 SD, n = 3). 
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Fig 2.12. HIV-1 reverse transcriptase inhibitory activity of DBL and Con A (positive 
‘ control). The assay was carried out with a ELISA kit. IC50 of DBL was determined to 
be 3 |xM (Data represents mean 士 SD，n = 3). 
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2.4 Discussion 
The morphologically dissimilar fruits of several banana cultivars including Del 
Monte banana, emperor banana, milk banana, and big banana have been tested. 
Lectin (hemagglutinating) activity was found in only the first two. Emperor banana 
lectin (EBL) reported earlier and Del Monte banana lectin obtained in the present 
study were isolated using similar procedures. (NH4)2S04 precipitation was used as an 
initial step in both studies, in order to enrich the protein content and lower the 
viscosity of the original banana extract. Subsequently two ion exchange 
chromatographic steps involving DEAE-cellulose and SP-Sepharose were employed 
in the present study, instead of an affinity chromatography step on Affi-gel blue 
agarose and an ion exchange chromatography step on Mono S in the previous 
investigation. The final purification step using Superdex 75 was the same in both 
investigations (Wong and Ng, 2006). 
Del Monte banana lectin (DBL) is a homodimeric lectin as shown by a single 15-kDa 
band in SDS-PAGE. It has a molecular mass of 30 kDa which is similar to those 
(27-30 kDa) of lectins from other banana species (Koshte et al. 1990; Peumans et al. 
2000) and emperor banana lectin (Wong and Ng 2006). DBL exhibits a unique 
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fructose and glucosamine binding characteristic although it resembles EBL in 
interacting with glucose, mannose and rhamnose. The sugar specificities of the two 
lectins were compared in the same experiment and found to be reproducible. A fairly 
high thermostability and pH stability of DBL are also disclosed. EBL exhibits similar 
thermostability but its pH stability has not been demonstrated (Wong and Ng, 2006). 
A table comparing the properties of characterized banana lectins is included (Table 
2.3). 
Both DBL and EBL are able to elicit a mitogenic response from murine splenocytes, 
suppress tumor cell proliferation, and inhibit the activity of HIV-1 reverse 
transcriptase. However, EBL but not DBL is able to stimulate nitric oxide production 
by mouse peritoneal macrophages. In the present investigation, DBL induces gene 
expression of the cytokines ESfF-y, TNF-a and IL-2 in splenocytes. This finding is in 
i 
line with the mitogenic activity of the lectin. Whether EBL possesses similar 
cytokine inducing activity awaits further studies. The ability of DBL and EBL to 
evoke a mitogenic response from splenocytes and to slow down proliferation of 
tumor cells is also a characteristic of many other lectins. Some lectins e.g. straw 
mushroom lectin and narcissus lectin augment cytokine gene expression in spleen 
cells (She et al., 1998; Ooi et al., 2002). These activities are potentially exploitable. 
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In summary, DBL displays marked sequence homology to previously reported 
banana lectins. However it demonstrated properties different from that of the 
previously studied EBL. DBL could not be adsorbed onto Affi-gel blue gel and 
stimulate nitric oxide production by murine macrophages which EBL is capable of. 
DHL's distinctive fructose and glucosamine binding property, fairly high 
thermostability, pH stability, and ability to stimulate cytokine gene expression are 
demonstrated in this study. Thus DBL is a potentially exploitable lectin. To the best 
of our knowledge very little information is available about fructose-binding lectins 
isolated from plants. 
Table 2.3. Different characteristics of emperor banana lectin and Musa paradisiac 
lectin compared to Del Monte banana lectin. 
Del Monte banana lectin Emperor banana lectin Musa paradisiac lectin 
Not adsorbed on Affi-gel Adsorbed on Affi-gel 
‘ Chromatographic Adsorbed on 
blue gel, adsorbed on blue gel and Superdex 
characteristic Sephadex G-75 
Superdex 75 75 
Molecular mass 
and number of 30 kDa, 2 subunits 30 kDa, 2 subunits 27 kDa, 2 subunits 
subunits 
NO production No recorded stimulation Observed Stimulation Not studied 
Glucose, Mannose, Mannose and 
Sugar specificity Glucosamine, Fructose, Glucose, Mannose Oligomannosidic 
Rhamnose glycans 
Stimulated T-cell 
Mitogenic activity Strongest at 7.5 nM Strongest at 300 nM 
proliferation 
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Chapter 3: Purification and Characterization of 
a Lectin from Gymnocladus chinensis BailL 
3.1 Introduction 
The seeds of Gymnocladus chinensis BailL，known as the Yunnan bean, is a product 
of Yunnan Province in China. It belongs to the Leguminosae family of plants. 
Legume lectins have been extensively studied over the years. More than 70 legume 
lectins belonging to different suborders and tribes have been isolated and 
characterized to different extents. Despite having different carbohydrate specificities, 
they have generally high sequence similarities and physical properties. They are 
often dimeric and tetrameric, with one carbohydrate binding site on each subunit. 
The broad carbohydrate binding specificity of legume lectins makes them good tools 
for structural studies on how proteins and carbohydrates interact. 
The lectin in Yunnan bean has not been previously studied. Thus the aim of the 
present investigation was to isolate the lectin from Gymnocladus chinensis BailL, 
followed by characterization and comparison with other legume lectins. 
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3.2 Material and Methods 
3.2.1 Purification Scheme 
Yunnan beans were purchased from Mainland China. The beans (100 g) were soaked 
in distilled water overnight and the skins of the beans were removed. Then they were 
blended using a Waring blender. To the supernatant obtained after centrifugation 
(15,000 X g, 30 min) of the homogenate, Tris-HCl buffer (pH 7.8) was added to make 
up a final concentration of 10 mM. The supernatant was then loaded onto an Affi-gel 
blue agarose column (2.5 cm x 20 cm) which had been equilibrated with the same 
buffer. After unbound proteins had been eluted (fraction Bl), bound proteins were 
eluted by a stepwise NaCl gradient with 0.1 M (fraction B2) and 1 M (fraction B3) 
NaCl in 10 mM Tris-HCl. The fraction containing lectin activity (B2) was then 
dialyzed against 10 mM NH4HCO3 (pH 9.4) at 4 °C before loading onto a 
Q-Sepharose column (2.5 cm x 20 cm) which had been equilibrated. After removing 
the flowthrough (fraction Ql), the column was eluted with a stepwise gradient of 0.2 
M (fraction Q2) and 1 M (fraction Q3) NaCl in 10 mM NH4HCO3. The lectin 
enriched fraction Q2 was then dialyzed, lyophilized and subjected to ion-exchange 
chromatography on a 1 ml Mono S column with a fast protein liquid chromatography 
(FPLC) AKTA Purifier system in 10 mM NH4OAC (pH 4.5). The peak with 
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hemagglutinating activity (S3) was identified and collected. It was then dialyzed and 
lyophilized before subjecting to FPLC gel filtration on a Superdex 200 HR 10/300 
column in 20 mM NH4HCO3. The only obtained peak contained purified Yunnan 
bean lectin (YBL). The purification scheme is illustrated in Fig 3.1. 
3.2.2 Assay of Hemagglutinating Activity 
It was the same as described in chapter 2. 
3.2.3 Sodium Dodecyl Sulfate-Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) 
It was the same as described in chapter 2. 
‘ 3.2.4 Molecular Mass Determination by FPLC Gel 
Filtration 
FPLC gel filtration was carried out using a Superdex 200 HR 10/300 column that had 
been calibrated with molecular-mass standards (Amersham Biosciences). 
3.2.5 Protein Concentration Determination 
It was the same as described in chapter 2. 
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3.2.6 N-terminal amino acid sequence analysis 
It was the same as described in chapter 2. 
3.2.7 Inhibition of Lectin-induced Hemagglutination by 
Carbohydrates 
It was the same as described in chapter 2. 
3.2.8 Effect of Temperature and pH on Lectin-induced 
Hemagglutination 
It was the same as described in chapter 2. 
3.2.9 Assay of Mitogenic Activity on Murine Splenocytes 
It was the same as described in chapter 2. 
3.2.10 Assay of Antiproliferative Activity on Tumor Cell 
Lines 
It was the same as described in chapter 2 using the cell lines HepG2 and MCF-7. 
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3.2.11 Assay of HIV-1 Reverse Transcriptase Inhibitory 
Activity 
It was the same as described in chapter 2. 
3.2.12 Assay of Anti-fungal Activity 
The assay of antifungal activity was carried out in 90 x 15 mm petri plates containing 
10 ml of potato dextrose agar. The fungal strains tested include Botrytis cinerea, 
Mycosphaerella arachidicola, and Fusarium oxysporum. After the mycelial colony 
had developed, sterile blank paper disks (0.625 cm in diameter) were placed at a 
distance of 0.5 cm away from the rim of the mycelial colony. An aliquot of the 
sample was added to a disk. The plates were incubated at 25 °C for 72 h until 
mycelial growth had enveloped disks containing the control and had formed 
crescents of inhibition around disks containing samples with antifungal activity. BSA 
and defensin from lima bean were used as negative and positive controls 
respectively. 
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100 g of Yunnan bean was homogenized 
/
Centrifuged 
“汽汽A 幼 , 
(discarded) 15000 rpm, 30 min 
Reconstituted in 10 m M Tris-HCI (pH 7.8) 
Loaded onto Affi-gel blue agarose 
/ \ 
Flowthrough z N l.OM NaCleluate 
(discarded) (discarded) 
0.1 M NaCI eluate was the lectin-enriched fraction 
DIalyzed 
1 ‘ 
Reconstituted in 10 m M NH4HCO3 (pH 9.4) 
Loaded onto Q-Sepharose 
Flowthrough ^^^^ 1.0 M NaCI eluate 
(discarded) (discarded) 
Fig 3.1. Purification scheme of Gymnocladus chinensis BailL lectin. 
5 4 
0.2 M NaCl eluate was the 丨ectin enriched fraction 
Dialyzed 
Lyophilized 
Reconstituted in 10 m M NH^OAc (pH 4.5) 
Ion-exchange chromatography on Mono S 
Lectin-enriched fraction identified to be S3 
Dialyzed 
Lyophilized 
Reconstituted in 20 m M NH4HCO3 (pH 9.4) 
Gel Filtration Chromatography on Superdex 200 
Pure lectin collected 
Fig 3.1. (Continued) 
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3.3 Results 
The homogenate of Yunnan bean was separated by affinity chromatography on 
Affi-gel blue gel into a large unadsorbed fraction (Bl) and two smaller adsorbed 
fractions eluted with 0.1 M NaCl (B2) and 1 M NaCl (B3) in the buffer respectively. 
Hemagglutinating activity resided only in the fraction adsorbed on Affi-gel blue gel 
and eluted with buffer containing 0.1 M NaCl (data not shown). This fraction, B2, 
was further chromatographed on Q-Sepharose which yielded an unadsorbed fraction 
(Ql) without hemagglutinating activity, an adsorbed lectin-enriched fraction that was 
desorbed with buffer containing 0.2 M NaCl (Q2), and a small adsorbed fraction 
devoid of hemagglutinating activity which was eluted with buffer containing 1 M 
NaCl (Ql) (data not shown). Fraction Q2 was then resolved by ion-exchange 
chromatography on a Mono S column (Fig 3.2). Yunnan bean lectin (YBL) appeared 
as a single 130-kDa peak in gel filtration (Fig 3.3; Fig 3.4) and a 32-kDa band in 
SDS-PAGE (Fig 3.5). The final yield of the protein was 62 mg and a purification fold 
of 12.5 was achieved (Table 3.1). Its N-terminal sequence showed high similarity to 
previously reported legume lectins (Fig 3.6). YBL was shown to be thermostable 
upon treatment at 80 for 30 min, with full hemagglutinating activity retained. Its 
activity was however completely abrogated after treated at 90 and 100 for 30 min 
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(data not shown). After treatment with pH 1 - 12 for 30 min, lectin activity was fully 
retained. But the activity dwindled to an undetectable level after treating with more 
extreme pH (0, 13 and 14) (data not shown). On the other hand, the sugar specificity 
of YBL could not be demonstrated as its hemagglutinating activity failed to be 
inhibited by the presence of a wide range of saccharides tested. 
YBL could induce a mitogenic response of murine splenocytes with an optimum 
response at a concentration of 65 nM, which is about the same as that of Con A. But 
the magnitude of the response elicited by YBL was lower than Con A (about 5000 
cpm comparing with about 20000 cpm) (Fig 3.7). On the other hand, it exhibited an 
antiproliferative activity on hepatoma cell line HepG2 and breast cancer cell line 
MCF-7 with IC50 of 320 nM and 14 nM, respectively (Fig 3.8). Finally, YBL also 
‘ demonstrated an inhibitory activity on HIV-1 reverse transcriptase with an IC50 of 
220 nM (Fig 3.9). 
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Table 3.1. Purification of Yunnan bean lectin (YBL). 
Specific I … ， Total Total 7 
. . Purification ^ 丄. A 汽令 .Recovery of 
activity … Protein Activity . . 二 
…/ � fold , � 3 Activity (%) 
(U/mg) (mg) (UxlOQ ” , 
Crude Extract “ 716 1.0 " 4 4 6 ? " 3204 100 
Affi-gelBlue agarose (Bl) NA - 2649 - -
Affi-gel Blue agarose (B2) “ 4248 — 5.9 " " 4 5 ^ " 1928 60 
AfS-gel Blue agarose (B3) NA - 853 - -
Q-Sepharose (Ql) ^ - 164 - -
Q-Sepharose (Q2) “ 6436 9.0 1338 42 
Q-Sepharose (Q3) ^ - 94 - -
After Mono S “ 8368 一 11.7 ~ T l ~ 811 25 
After Superdex 75 8924 12.5 62 553 17 
‘ Key: NA: No detectable activity 
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‘ F i g 3.2. Profile of elution of fraction Q2 from Mono S ion-exchange column. 
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Fig 3.3. Profile of elution of fraction S3 from Superdex 200 gel filtration column. 
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Fig 3.4. Calibration curve of Superdex 200 column. The four markers are 
‘thyroglobulin (669 kDa), ferritin (440 kDa), bovine serum albumin (67 kDa) and 
P-lactoglobulin (35 kDa). 
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a o i d k M H H ^ ^ ^ ^ P 
i P 獨 
20 kDa l ^ ' S l ‘ ‘ 
f 
f 义 t < 
Marker YBL 
‘ . F i g 3.5. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
pattern. Molecular mass markers (from top): phosphorylase b (94 kDa), bovine 
serum albumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), trypsin 
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Fig 3.7. Mitogenic activity of YBL and Con A (positive control) on murine 
splenocytes. Cell proliferation was measured by the amount of 
‘ [methyl-^H]-thymidine incorporated. Maximal response was achieved at 65 nM 
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‘ Fig 3.8. Inhibitory effect of Yunnan bean lectin on proliferation of MCF-7 and 
HepG2 cells. Cell viability was determined by MTT assay. IC50 of YBL towards 
MCF-7 and HepG2 were determined to be 14 and 320 nM respectively (Data 
represent means 士 SD，n = 3). 
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Fig 3.9. HIV-1 reverse transcriptase inhibitory activity of DBL and ConA (positive 
control). The assay was carried out with a ELISA kit. IC50 of YBL was determined 
to be 220 nM (Data represent means 士 SD, n = 3). 
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3.4 Discussion 
In the present investigation, affinity chromatography on Affi-gel blue gel was used 
as the first step in the purification process. This proved to be an effective step as a 
large amount of proteins without hemagglutinating activity was removed. This 
affinity towards Affi-gel blue gel was also demonstrated by some other legume 
lectins including haricot bean lectin, pinto bean lectin and red kidney bean lectin (Ye 
et al., 2001; Wong and Ng, 2005a; Wong et al., 2006). However, their 
chromatographic characteristics are not exactly the same. For instance, pinto bean 
lectin did not bind to Q-Sepharose and Mono S while YBL in the present study 
could (Wong et al., 2006). 
Yunnan bean lectin was found to be a homotetrameric lectin with a molecular mass 
€ 
of 130 kDa as shown by a single 32 kDa band in SDS-PAGE. This is the same as 
observed in haricot bean lectin, while lectins from pinto bean, knife bean and red 
kidney bean was shown to be homodimeric (Ye et al., 2001; Wong and Ng, 2005a, b; 
Wong et al., 2006). YBL is more thermostable than knife bean and pinto bean lectin. 
Those lectins' activities are stable up to 70 while the thermolabile haricot bean 
lectin is only stable up to 40 (Wong and Ng, 2005a, b; Wong et al, 2006). 
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YBL has an N-terminal sequence highly homologous to that of other legume lectins. 
However, the sugar specificities of these lectins differ. YBL's hemagglutinating 
activity, like that of haricot bean lectin and red kidney bean lectin, could not be 
inhibited by simple saccharides (Andrews, 1974). However pinto bean lectin was 
shown to be galactose-specific (Wong et al., 2006). 
Most legume lectins, like YBL in the present study, demonstrate mitogenic activity 
towards splenocytes. However, a lectin from Great Northern beans is devoid of this 
activity (Kamemura et al , 1993). This difference probably resides in the different 
carbohydrate specificities among them, which affects the binding affinity to surface 
saccharides of splenocytes. The concentration for YBL to achieve a maximal 
mitogenic effect was found to be 65 nM which is much lower than that of haricot 
‘ bean lectin (Wong and Ng, 2005a). Meanwhile, YBL demonstrated antiproliferative 
effect on tumor cell lines, which is also found in other lectins (Wang et al., 2000). 
While many legume lectins exhibit inhibitory activity on HIV-1 reverse transcriptase, 
YBL is more potent than its counterparts with a lower IC50. Haricot bean lectin is an 
exception as it is devoid of this activity (Wong and Ng, 2005a). 
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In addition, only a very small number of lectins have been shown to possess 
antifungal activity, one of which is red kidney bean lectin (Ye et al., 2001). YBL was 
not able to inhibit the growth of the fungus strains tested. 
In summary, the lectin from Yunnan bean demonstrated remarkable thermostability 
and is able to elicit various biological activities including mitogenic activity, 
anti-tumor activity and anti-HIVl reverse transcriptase activity at rather low 
concentrations. These properties make it a potentially exploitable lectin. 
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Chapter 4: Introduction to Protease Inhibitors 
4.1 General Introduction 
Protease inhibitors (Pis), as the name implies, are molecules which inhibit the 
proteolytic activity of proteases. The first studies of Pis were carried out by Kunitz 
during the 1940's which he isolated trypsin inhibitors from soybeans and had their 
protein nature demonstrated (Birk，1985). Pis are widely distributed in plant and 
animal species. According to their class-specific reactive sites, Pis can be classified 
into different mechanistic classes, namely serine, cysteine, aspartic and 
metallo-protease inhibitors. 
Numerous biological functions are regulated by the proteases, like food digestion and 
signaling cascades. And since the action carried out by proteases, which is to 
hydrolyze peptide bonds, is essentially irreversible, protease inhibitors are of utmost 
importance in finely regulating their activities. 
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4.2 Serine Protease Inhibitors 
Among the several mechanistic classes, serine protease inhibitor is the most-studied 
class. They are widespread throughout the plant kingdom and are responsible for 
several physiological roles like defense against pathogens and regulation of 
endogenous proteinase during seed dormancy. 
Serine protease inhibitors are classified into several classes according to their 
molecular weight and the number of disulfide bridges. The major classes are namely 
Kunitz type, Bowman-Birk type and the squash type. 
The Kunitz type inhibitors have the highest molecular mass of around 1 8 - 2 2 kDa 
with a low cysteine content. They possess 2 disulfide bonds per molecule. On the 
other hand, the Bowman-Birk type inhibitors (BBI) have a smaller molecular mass of 
around 8 - 1 0 kDa and with a high cysteine content. They have the highest number 
of disulfide bonds of 7 per molecule. The squash type inhibitors are the smallest with 
molecular mass of around 3.5 kDa and have 3 disulfide bonds per molecule. 
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Usually, the Kunitz type and Bowman-Birk type of inhibitors have 2 reactive sites, 
that is, one inhibitor molecule could inhibit 2 protease molecules. And the two sites 
can independently inhibit different serine proteases, most of the cases being trypsin 
and chymotrypsin. Squash type inhibitors, meanwhile, possess one reactive site per 
molecule owing to their relatively small sizes. Despite the difference, all serine 
protease inhibitors known inhibit protease by the same mechanism, which is by 
blocking the active site of proteases (de Freitas et al., 1997). The characteristics of 
the different types of inhibitors are summarized in Table 4.1. 
Table 4.1. Characteristics of different types of protease inhibitor. 
Number of 
Number of 
Molecular Weight Disulfide 
^ , Reactive Sites 
Bonds 
‘ Kunitz Type 18-22 kDa 2 2 
Bowman-Birk Type 8 - 10 kDa 7 2 
Squash Type around 3.5 kDa 3 1 
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4.2.1 Kunitz Type Serine Protease Inhibitors 
In 1945, Kunitz isolated a serine protease inhibitor from soybean (Birk, 1985). This 
class of inhibitors was then named after Kunitz. This was the first serine protease 
inhibitor isolated from plants. It showed inhibitory activity towards trypsin but only 
very weak activity towards chymotrypsin. They are found universally throughout the 
Leguminosae subfamilies. 
The Kunitz type of inhibitors are characterized by their large molecular mass and two 
disulfide bridges, in which the first cysteine residue links to the second and the third 
cysteine residue links to the fourth. 
Also, most inhibitors of this type possess two reactive sites (Birk et al., 1967). Only 
‘ one site out of the two can inhibit trypsin activity, while both sites are capable of 
inhibiting chymotrypsin, but with a weaker activity (Kortt, 1980; Bosterling and 
Quast, 1981; Shibata et al., 1986). One exeption was found in the Kunitz type trypsin 
inhibitor in Acacia elata which only has one active site. The site could inhibit both 
trypsin and chymotrypsin with different potencies (Kortt and Jermyn, 1981). 
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4.2.2 Bowman-Birk Type Serine Protease Inhibitors (BBI) 
The first Bowman-Birk type protease inhibitor was isolated by Bowman in the late 
1940's from the acetone-insoluble fraction of soybeans (Birk, 1985). It is a more 
common type of serine protease inhibitors from plants than the Kunitz type inhibitors 
(Kortt, 1979; Lin et al., 1991). 
This type of inhibitors is characterized by their high cysteine content. There are 7 
disulfide bonds in each molecule with no free sulfhydryl groups. Exception of this is 
found in an inhibitor found in Setaria italica named trypsin inhibitor III. This 
inhibitor possesses only 5 disulfide bonds (Tashiro et al., 1991). 
Bowman-Birk protease inhibitors, like that of Kunitz type inhibitors, contain two 
‘ active sites. One site is specific for trypsin while the other is specific for 
chymotrypsin (Odani and Ikenaka, 1973)，both elicit high inhibitory activity. 
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4.2.3 Squash Type Serine Protease Inhibitors 
The squash type serine protease inhibitors are the most recently found class among 
the three. This type of inhibitors are found in the seeds of the Cucurbitaceous 
genuses, for example, Momordica (Hara et al., 1989), Cucurbita (Favel et al., 1989)， 
Luffa (Ling et al.，1993) and Cucumis (Lee and Lin, 1995). 
The squash type inhibitors have the smallest size among the three classes. Owing to 
its small size, only one active site is found in a molecule which is different from that 
of the other classes. It has a compact structure due to the presence of three disulfide 
linkages in the molecule connected in a unique knotty structure. 
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4,3 Roles of Pis in Plants 
4.3.1 Pis as a defense protein 
Protease inhibitors are well recognized to play a defensive role in plants to fight off 
invasion of pathogens. Usually the level of Pis in plants increases in response to 
wounding (Ryan, 1989). A previous research indicated that the wound-induced 
accumulation of Pis in tomato was mediated by a proteinase inhibitor initiation factor. 
This factor switched on a cascade of responses which finally led to the synthesis of 
Pis that were primarily cytosolic (Bryant et al., 1976). It was also suggested that this 
induction occurred through the octadecanoid pathway, in which the phospholipids on 
cell surface are broken down by lipases and produce linolenic acid. A series of 
reactions lead to the production of jasmonic acid which is a signal to induce the 
‘ expression of Pis genes. 
Researches have demonstrated the ability of Pis to be active against fungal infection. 
Several Pis were shown to possess anti-fungal effect (Soares-Costa et al., 2002). 
Anti-nematode Pis were present as well (Atkinson et al, 2003; Cai et al., 2003). 
It was also found that Pis in plant are active against viruses. Some soybean cultivars 
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are resistant to soybean mosaic virus as they possess Pis genes. A transgenic tobacco 
plant with constitutive expression of a rice cysteine PI gene was resistant against 
infection of two important potyviruses, potato virus Y and tobacco etch virus. 
Insect invasion could be inhibited by Pis as well. It was first demonstrated by a study 
showing that the trypsin inhibitors from soybean were toxic to the larvae of flour 
beetle, Tribolium confusum (Lipke et al., 1954). After that, numerous Pis were shown 
to be active against certain insects, by in vitro (inhibition of insect gut proteases) and 
in vivo (artificial diet) assays (Ashouri et al., 1998; Macedo et al., 2004). 
It was first proposed that the mechanism of Pis' inhibition of insect growth was 
through the reduced rate of proteolysis in the gut to digest food (Reese, 1983). 
However this speculation was later dismissed when it was found that a feedback 
mechanism led to the hyper-production of gut proteinases to compensate for the loss 
of activity. This hyper-production led to the depletion of essential amino acids and 
this is the actual reason behind the growth inhibition (Broadway and Duffey, 1986). 
Besides, as trypsin is involved in developmental processes of an insect like molting 
and neuropeptide synthesis, these processes could be disrupted by trypsin inhibitors 
which again results in retarded development and growth. 
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4.3.2 Pis in seed germination 
Protease inhibitors are also suggested to be playing a role in seed germination. It was 
found that most of the Pis are stored in seeds and tubers. Thus it was thought that Pis 
act as storage proteins and one of the nutritional sources for germinating seeds 
(Svendsen et al., 1994). It was also speculated that Pis could regulate the actions of 
endogenous proteases during seed dormacy (Haldar et al., 1996). 
< 
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4.4 Applications of Protease Inhibitors 
4.4.1 Pis in Cancer Prevention 
Cancer progression is complicated which involves processes including angiogenesis 
and metastasis. Most of these processes are regulated by proteases like trypsin. 
Therefore, protease inhibitors are capable of disrupting cancer progression. Data 
shows that human populations having a diet enriched in of protease inhibitors have 
overall lower cancer incidence and mortality rates from cancers like breast, colon and 
prostate cancers (Kennedy, 1995). 
It was suggested that protease inhibitors suppress carcinogenesis by reversing the 
initiation event, presumably an ongoing cellular process like proteolysis. Therefore 
the expression of certain oncogenes can be suppressed (Kennedy and Manzome, 
1995). On the other hand, the proteases secreted by the cancer cells are crucial for 
cancer metastasis. Currently three families of proteases have been implicated in 
cancer metastasis, including serine, cysteine and metallo-proteases. Therefore, with 
the appropriate use of different types of protease inhibitors, cancer development can 
be inhibited. 
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Plant-derived protease inhibitors with which specific for trypsin or chymotrypsin 
have been shown to suppress several stages of carcinogenesis. The cancer 
chemopreventive activity of a protease inhibitor was demonstrated in a study 
involving a chemical-induced carcinogenesis model (Kennedy and Manzone, 1995). 
Rats were treated with a chemical carcinogen dimethylhydrazine (DMH) and their 
proteolytic activities of the colon mucosa cells were found to be increased. The 
experimental group of rats treated with a Bowman-Birk type protease inhibitor had 
their proteolytic activity level brought back to normal level. Also, the number of rats 
which developed colon cancer was also reduced. Besides, it was also shown that the 
soybean-derived BBI quelled the X-ray induced malignant transformation of mouse 
embryo fibroblast cells (Yavelow et al., 1985), while protease inhibitors from potato 
showed similar effects in vitro (Billings et al., 1991). 
The inhibitory effects of Pis on cancer are being recognized. A soybean extract 
enriched with BBI, called Bowman-Birk inhibitor concentrate (BBIC), was granted 
investigational new drug status by Food and Drug Administration (FDA) in 1992 and 
has proceeded to the clinical human trial stage (Kennedy and Manzone, 1995). BBIC 
has demonstrated clinical activity in patients with oral leukoplakia without detectable 
side effects after oral administration (Armstrong et al., 2000). 
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4.4.2 Pis in Crop Protection 
Pests and diseases have been estimated to cause a 37 % loss of agricultural 
production worldwide (Haq et al., 2004). Pests like insects, mites and nematodes not 
only damage crops by feeding. They also carry and infect the crops with 
disease-causing pathogens. Currently, crop protection mainly relies on toxic 
agrochemicals which are also toxic to human beings. Crops can also be protected 
with fewer side effects to human by genetic engineering. The expression of Bacillus 
thuringiensis (Bt) toxin by a plant can protect itself from invasion by some pests 
while it is not harmful to human. However, the range of insects which can be 
controlled by the toxin is relatively narrow, and insects resistant to Bt toxin have 
been evolved. Therefore, alternative strategies have to be employed to reduce crop 
losses. Protease inhibitor is a good candidate, especially in view of reports on 
protease-mediated insect resistance to Bt toxins (Oppert et al., 1997). 
Protease inhibitors, as discussed, are natural defense proteins present in plants. The 
use of it not only slows down the growth of pests but also reduce their resistance to 
Bt toxins. The ability of a transgenic protease inhibitor gene to fight against pests 
was demonstrated (Hilder et al., 1989) by transferring a trypsin inhibitor gene from 
Vigna unguiculata to tobacco. The transgenic plant were then possess resistance to a 
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wide range of pests including Lepidopterans, like Heliothis and Spodopera; 
Coleopterans like Diabrotica and Anthonomous; and Orthopterans like Locusts. 
Since protease inhibitors are widely distributed in plant species and they have 
different properties, two or more PI genes can be transferred to a plant to fight 
against a wider range of pests. It was found that serine Pis are effective against 
Lepidoptera (McManus et al., 1994) while cysteine Pis are effective against some 
Coleoptera. 
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4,5 Aim of Current Study 
The potential of using protease inhibitors in the aforementioned applications is huge. 
However, one particular inhibitor could not carry out all the desired actions. The 
required properties of inhibitor for each case differ. Also, it is known that the 
naturally occurring protease inhibitors have diverse properties. Thus it is useful to 
discover, purify and characterize new protease inhibitors with different properties, 
for example, molecular size, specificity and biological properties so as to increase the 
number of choices for each purpose. 
The objective of the present study was to purify protease inhibitors from plants and 
to investigate their physical and biological properties. The result obtained can add to 
the current information of protease inhibitors for potential applications. And the 
purification protocol used would also aid the protease inhibitor research. 
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Chapter 5: Isolation and Characterization of a 
Trypsin Inhibitor from the seeds of Lens 
culinaris 
5,1 Introduction 
The species Lens culinaris is an annual plant of the legume family. It is around 15 
inches tall and its seeds are lens-shaped. The seeds, lentils, exist with colors ranging 
from yellow to red-orange to green, brown and black. The colors of the seeds when 
removed from the pods also vary, and there are large and small varieties, depending 
on their cultivars. Lentils contain a high level of proteins together with dietary fibers, 
vitamin B1 and minerals. They are regarded as one of the healthiest foods. 
‘ 
Protease inhibitors were found to be present in lentil seeds. Genes coding for 
Bowman-Birk type protease inhibitors were identified in varies lentils (Sonnanate et 
al., 2005), while the inhibitory properties and the solution structure of a BBI from a 
type of lentil was investigated by Ragg et al. in 2006. However, a characterization on 
the biological properties of lentil trypsin inhibitors is not available. 
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Therefore, our present study aims at isolating trypsin inhibitors from green lentil 




5,2 Materials and Methods 
5.2.1 Purification Scheme 
Lentils were purchased from a local market. The beans (100 g) were soaked in 
distilled water overnight. Then they were blended using a Waring blender. To the 
supernatant obtained after centrifugation (15,000 x g, 30 min) of the homogenate, 
Tris-HCl buffer (pH 7.8) was added to make up a final concentration of 10 mM. The 
supernatant was then loaded onto an Affi-gel blue agarose column (2.5 cm x 20 cm) 
which had been equilibrated with the same buffer. After unbound proteins had been 
eluted (fraction Bl), bound proteins were eluted by a stepwise NaCl gradient with 
0.2 M (fraction B2) and 1 M (fraction B3) NaCl in 10 mM Tris-HCl. The fraction 
containing trypsin inhibitory activity (B2) was then dialyzed against 10 mM 
NH4HCO3 (pH 9.4) at 4 before loading onto a Q-Sepharose column (2.5 cm x 20 
cm) which had been equilibrated. After removing the flowthrough (fraction Ql), the 
column was eluted with a stepwise gradient of 0.2 M (fraction Q2) and 1 M (fraction 
Q3) NaCl in 10 mM NH4HCO3. The trypsin inhibitor enriched fraction Q2 was then 
dialyzed, lyophilized and subjected to ion-exchange chromatography on a 1 ml Mono 
Q column with a fast protein liquid chromatography (FPLC) AKTA Purifier system 
in 10 mM NH4HCO3 (pH 9.4). The peak with trypsin inhibitory activity (MQ3) was 
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identified and collected. It was then dialyzed, lyophilized and then subjected to 
ion-exchange chromatography on a 1 ml Mono S column with a FPLC AKTA 
Purifier system in 10 mM NH4OAC (pH 4.5). The peak with trypsin inhibitory 
activity (MS3) was identified and collected. It was again dialyzed and lyophilized 
before subjecting to FPLC gel filtration on a Superdex 75 HR 10/30 column in 20 
mM NH4HCO3. The only obtained peak contained purified lentil trypsin inhibitor 
(LTI). The purification scheme is illustrated in Fig 5.1. 
5.2.2 Assay of Trypsin-Inhibitory Activity 
Trypsin activity was determined by using N-a-benzoyl~arginine ethyl ester 
hydrochloride (BAEE) as the substrate. To determine the initial trypsin activity, 30 fxl 
of a bovine trypsin solution (125 |ig/ml) in assay buffer (0.067 M potassium 
‘ phosphate buffer, pH7.6) was added to 30 \i\ of assay buffer. The mixture was 
incubated at 25 for 15 min and then added to 3 ml of substrate solution (30 |xl 
BAEE in assay buffer). The reaction rate was determined by monitoring the 
absorbance change at 253 nm for 1 min. One unit of activity is defined as the 
increase in absorbance at 253 nm of 0.001 per min at 25 °C. 
In order to determine the trypsin-inhibitory activity, 30 |al of inhibitor solution with 
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known concentration, instead of assay buffer, was added to 30 \i\ of trypsin solution. 
The assay was then carried out as stated. The trypsin activity measured is the residual 
trypsin activity. The trypsin inhibitory activity was calculated by subtracting the 
residual trypsin activity from the initial trypsin activity. 
5.2.3 Assay of Chymotrypsin-Inhibitory Activity 
The assay for chymotrypsin-inhibitory activity was performed as described above for 
trypsin-inhibitory activity, while using A^-a-benzoyl-L-tyrosine ethyl ester (BTEE) as 
the substrate. 
5.2.4 Sodium Dodecyl Sulfate-Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) 
‘ It was the same as described in chapter 2. 
5.2.5 Molecular Mass Determination by FPLC Gel 
Filtration 
It was the same as described in chapter 2. 
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5.2.6 Protein Concentration Determination 
It was the same as described in chapter 2. 
5.2.7 N-terminal amino acid sequence analysis 
It was the same as described in chapter 2. 
5.2.8 Effect of DTT on the inhibitory activity of trypsin 
inhibitor 
A specific amount of the trypsin inhibitor was incubated with the reducing agent 
dithiothreitol (DTT) at final concentrations of 1, 10 and 100 mM for time intervals 
ranging from 5 to 120 min at 37 °C. The reaction was terminated by adding 
iodoacetamide at twice the amount of DTT at each concentration and the mixture 
‘ was further incubated for 15 min before adding to trypsin solution. The residual 
trypsin-inhibitory activity was measured afterwards as described above. Before 
performing the experiment, the effect of each concentration of DTT and 
iodoacetamide used in the test on trypsin activity was checked as a control. 
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5.2.9 Assay of Antiproliferative Activity on Tumor Cell 
Lines 
It was the same as described in chapter 2 using the cell lines HepG2 and MCF-7. 
5.2.10 Assay of HIV-1 Reverse Transcriptase Inhibitory 
Activity 
It was the same as described in chapter 2. 
5.2.11 Assay of Anti-fungal Activity 
It was the same as described in chapter 3. 
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Fig 5.1. (Continued) 9 2 
5,3 Results 
The lentil homogenate was separated by affinity chromatography on Affi-gel blue gel 
into a large unadsorbed fraction (Bl) and two smaller adsorbed fractions eluted with 
0.2 M NaCl (B2) and 1 M NaCl (B3) in the buffer respectively. Trypsin inhibitory 
activity was found only in the fraction adsorbed on Affi-gel blue gel and eluted with 
buffer containing 0.2 M NaCl (data not shown). This fraction, B2, was further 
chromatographed on Q-Sepharose which yielded an unadsorbed fraction (Ql) devoid 
of trypsin inhibitory activity, two adsorbed fractions eluted with 0.2 M NaCl (Q2) 
and 1 M NaCl (Q3) in buffer respectively. Only in the fraction eluted with 0.2 M 
NaCl could trypsin inhibitory activity be detected (data not shown). This fraction was 
then chromatographed on Mono Q (Fig 5.2) and Mono S column (Fig 5.3). 
i 
The purified lentil trypsin inhibitor (LTI) appeared as a single peak in gel filtration 
with molecular mass of around 16-kDa (Fig 5.4). And a single 16-kDa band in 
SDS-PAGE was observed as well (Fig 5.5). The final yield of the protein was 4 mg 
and a purification fold of 36 was achieved (Table 5.1). Its N-terminal sequence is 
similar to those of trypsin inhibitors isolated from other Lens species (Fig 5.6). 
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LTI was able to inhibit the protease activities of both trypsin and chymotrypsin 
(Table 5.2; Table 5.3), while this inhibitory activity was sensitive to the presence of 
the reducing agent DTT. After treated with 10 mM DTT for 20 min, the inhibitory 
activity dropped to 10 % of the original value, while inhibitory activity was 
completely abrogated after treated with 100 mM DTT for 20 min (Fig 5.7). 
LTI weakly inhibited the activity of HIV-1 reverse transcriptase. At a concentration 
of 30 mM LTI, the HIV-1 RT activity was reduced to 50 %. However, LTI was found 
to be devoid of antiproliferative effect on the tumor cell lines HepG2 and MCF-7, 
and anti-fungal effect towards the fungal strains Botrytis cinerea, Mycosphaerella 
arachidicola, and Fusahum oxysporum. 
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Table 5.1. Purification oiLens culinaris trypsin inhibitor. 
Specific Total Total Recovery 
Purification 
activity Protein Activity of Activity 
fold , 
(U/mg) (mg) (UxlO^) (%) 
Crude Extract 2385 1 4280 10208 100 
Affi-gel Blue agarose (Bl) NA _ 2569 - -
Affi-gel Blue agarose (B2) 21379 9.0 437 9343 92 
Affi-gel Blue agarose (B3) NA 338 -
Q-Sepharose (Ql) ^ - 134 - -
Q-Sepharose (Q2) 55193 23.1 105 5795 57 
Q-Sepharose (Q3) ^ - 114 - -
After Mono Q 75746 31.8 32 2424 24 
After Mono S 83759 35.1 7 586 6 
After Superdex 75 85876 36.0 4 344 3 
‘ Key: NA: No detectable activity 
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Fig 5.2. Profile of elution of fraction Q2 from Mono Q ion-exchange column. 
‘ Trypsin inhibitory activity was only found in peak MQ3. The flow rate used was 2 
ml/min. 
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‘ Fig 5.3. Profile of elution of fraction MQ3 from Mono S ion-exchange column. 
Trypsin inhibitory activity was only found in peak MS3. The flow rate used was 2 
ml/min. 
9 7 
0 . 8 厂 ] 
0 7 A 
芝。.5 
§ 0.4 - f 
§ � . 3 1 
� . 1 ^ 
0 ‘ ‘ 
0 2 4 6 8 10 12 14 16 18 20 22 24 
Volume (ml) 
Fig 5.4. Profile of elution of fraction MS3 from Superdex 75 gel filtration column. 
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Marker LTI 
Fig 5.5. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
‘ pattern. Molecular mass markers (from top): phosphorylase b (94 kDa), bovine 
serum albumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), trypsin 
inhibitor (20 kDa) and a-lactalbumin (14.4 kDa). LTI: lentil trypsin inhibitor. 
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Table 5.2. The inhibitory activity of purified LTI against bovine trypsin. Equal 
volume (30 |al) of LTI and trypsin solution (0.125 mg/ml) was mixed and incubated 
for 15 min before assaying spectrophotometrically the residual trypsin activity using 
BAEE as substrate. 
[LTI] (nM) % Inhibition 
300 76.9 
150 73.1 • 
75 65.4 
37.5 50.0 
Table 5.3. The inhibitory activity of purified LTI against bovine chymotrypsin. Equal 
volume (30 |al) of LTI and chymotrypsin solution (0.125 mg/ml) was mixed and 
incubated for 15 min before assaying spectrophotometrically the residual 
chymotrypsin activity using BTEE as substrate. 
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Fig 5.7. Effect of DTT on the trypsin inhibitory activity of LTI. A specific amount of 
LTI was incubated with different concentrations of DTT for different time lengths. 
Reactions were stopped by adding iodoacetamide. Residual trypsin inhibitory 
activities were assayed. 
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5,4 Discussion 
The purification protocol in the present study entailed affinity chromatography on 
Affi-gel blue gel, which is not commonly used in the isolation of trypsin inhibitors. 
And this step was shown to be an effective one as a purification fold of 9 and a 
removal of a large proportion of unwanted proteins was obtained by this single step. 
For the overall purification, the present isolation procedures achieved a purification 
fold of 36. Comparing to the reports of others, which usually obtained 4 to 50-fold 
purification of trypsin-inhibitory activity (Hara et al., 1989; Tashiro et al., 1991; 
Hamato et al., 1995; Haldar et al., 1996; Huang et al., 1999), the result falls within 
the range. 
The purified LTI demonstrated a molecular weight of 16 kDa which does not fall in 
the normal range of size of typical Kunitz type and Bowman-Birk type of protease 
inhibitors. But its N-terminal sequence showed high similarity to a BBI from fava 
bean previously reported. Thus it is more likely that LTI belongs to the 
Bowman-Birk type of protease inhibitors. Moreover, LTI, like most other protease 
inhibitors, was able to inhibit the proteolytic activities of both trypsin and 
chymotrypsin. 
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In the presence of the reducing agent DTT, the trypsin inhibitory activity of LTI was 
reduced. This implies that disulfide linkages are crucial in holding the active 
conformation of LTI and those disulfide bonds are exposed to the solvent. The 
classical soybean trypsin inhibitor demonstrated such characteristic as well (Azarkan 
et al., 2006). 
Protease inhibitors are known to be able to suppress carcinogenesis. Its cancer 
preventive activity would be two fold if it is able to inhibit the proliferation of cancer 
cell as well. Unfortunately, LTI failed to show an anti-proliferative effect on the 
cancer cell lines under study, HepG2 and MCF-7. 
Anti-fungal activity was exhibited by some protease inhibitors, for example, Vicia 
‘ faba Bowman-Birk trypsin inhibitor (Ye et al., 2001) and a cysteine protease 
inhibitor from pearl millet (Joshi et al., 1998). While a chymotrypsin inhibitor from 
Momordica cochinchinensis seeds was devoid of antifungal activity (Tsoi et al., 
2004). In the present study, lentil trypsin inhibitor failed to show anti-fungal activity 
against the fungal strains tested. 
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To sum up, a trypsin inhibitor with sequence similarity to other legume trypsin 
inhibitors was purified from Lens culinaris. LTI could inhibit both trypsin and 
chymotrypsin and had a molecular mass of 16 kDa. Its activity was reduced in the 
presence of DTT. It weakly inhibited the activity of HIVI-RT, however it was devoid 
of anti-tumor and anti-fungal activity. 
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Chapter 6: Isolation and Characterization of 
trypsin inhibitors from the seeds of Vigna 
mungo (L.) Hepper 
6,1 Introduction 
Vigna mungo (L.) Hepper, known as the black gram; is an annual plant which 
belongs to the legume family. It is originated in India where it has been in cultivation 
from ancient times and is one of the most highly prized pulses of India. It is now 
mainly cultivated in South Asia. 
There were studies on the protease inhibitors in Vigna species including Vigna 
radiata (Hou et al., 2000) and Vigna unguiculata (Rao et al., 1999). However there 
are no studies regarding the characterization of the trypsin inhibitors in black gram. 
Therefore the aim of the present study was to isolate the trypsin inhibitors in black 
gram and to characterize its physical and biological properties. 
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6.2 Materials and Methods 
6.2.1 Purification Scheme 
Black grams were purchased from a local market. The beans (100 g) were soaked in 
distilled water overnight. Then they were blended using a Waring blender in 10 mM 
NH4OAC buffer (pH 4.5). After centrifugation (15,000 x g, 30 min) of the 
homogenate, the supernatant was loaded onto a SP-Sepharose column (5 cm x 20 cm) 
which had been equilibrated with the same buffer. After unbound proteins had been 
eluted (fraction SI), bound proteins were eluted by a stepwise NaCl gradient with 0.2 
M (fraction S2) and 1 M (fraction S3) NaCl in 10 mM NH4OAC buffer. Trypsin 
inhibitory activity was detected in both fractions SI and S2. 
Fraction SI was dialyzed against 10 mM NH4HCO3 buffer (pH 9.4) and then loaded 
onto a Q-Sepharose column (2.5 cm x 20 cm) which had been equilibrated. After 
removing the flowthrough (fraction Ql), the column was eluted with a stepwise 
gradient of 0.2 M (fraction Q2), 0.5M (fraction Q3) and 1 M (fraction Q4) NaCl in 
10 mM NH4HCO3 buffer. Fraction Q3 was found to be enriched with trypsin 
inhibitory activity. It was then dialyzed, lyophilized and subjected to ion-exchange 
chromatography on a 1 ml Mono Q column with a fast protein liquid 
chromatography (FPLC) AKTA Purifier system in 10 mM NH4HCO3 (pH 9.4). The 
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peak with trypsin inhibitory activity (MQ4) was identified and collected. It was then 
dialyzed, lyophilized and then subjected to FPLC gel filtration on a Superdex 75 HR 
10/30 column in 20 mM NH4HCO3 buffer. The first peak (SDl) contained purified 
black gram trypsin inhibitor 1 (BGTIl). 
On the other hand, fraction S2 from SP-Sepharose was dialyzed against 10 mM 
NH4HCO3 (pH 9.4) and then loaded onto a Q-Sepharose column (2.5 cm x 20 cm) 
which had been equilibrated. After removing the flowthrough (fraction Q'l), the 
column was eluted with a stepwise gradient of 0.2 M (fraction Q'2) and 1 M 
(fraction Q'3) NaCI in 10 mM NH4HCO3 buffer. Fraction Q'2 was found to be 
enriched with trypsin inhibitory activity. It was then dialyzed, lyophilized and 
subjected to ion-exchange chromatography on a 1 ml Mono Q column with a FPLC 
‘ AKTA Purifier system in 10 mM NH4HCO3 (pH 9.4). Trypsin inhibitory activity was 
detected only in peak MQ'3. It was then dialyzed, lyophilized and then subjected to 
ion-exchange chromatography on a 1 ml Mono S column with a FPLC AKTA 
Purifier system in 10 mM NH4OAC (pH 4.5). Peaks MS3 and MS5 were found to be 
enriched with trypsin inhibitory activity. They were separately collected, dialyzed 
and lyophilized before subjecting to FPLC gel filtration on a Superdex 75 HR 10/30 
column in 20 mM NH4HCO3. Two other purified trypsin inhibitors were obtained, 
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namely BGTI2 (from peak MS3) and BGTI3 (from peak MS5). The purification 
scheme is illustrated in Fig 6.1. 
6.2.2 Assay of Trypsin-inhibitory Activity 
It was the same as described in chapter 5. 
6.2.3 Assay of Chymotrypsin-Inhibitory Activity 
It was the same as described in chapter 5. 
6.2.4 Sodium Dodecyl Sulfate-Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) 
It was the same as described in chapter 2. 
4 
6.2.5 Molecular Mass Determination by FPLC Gel 
Filtration 
It was the same as described in chapter 2. 
6.2.6 Protein Concentration Determination 
It was the same as described in chapter 2. 
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6.2.7 N-terminal amino acid sequence analysis 
It was the same as described in chapter 2. 
6.2.8 Effect of DTT on the inhibitory activity of trypsin 
inhibitor 
It was the same as described in chapter 5. 
6.2.9 Assay of Antiproliferative Activity on Tumor Cell 
Lines 
It was the same as described in chapter 2 using the cell lines HepG2 and MCF-7. 
6.2.10 Assay of HIV-1 Reverse Transcriptase Inhibitory 
‘ Activity 
It was the same as described in chapter 2. 
6.2.11 Assay of Anti-fungal Activity 
It was the same as described in chapter 3. 
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Fig 6.1. (Continued) 
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6,3 Results 
The black gram homogenate was separated by ion-exchange chromatography on a 
SP-Sepharose column into a large unadsorbed fraction (SI) and two smaller adsorbed 
fractions eluted with 0.2 M NaCI (S2) and 1 M NaCI (S3) in the buffer respectively. 
Trypsin inhibitory activity was found in both SI and S2 (data not shown). These 
fractions were then processed separately. Fraction, SI was further chromatographed 
on Q-Sepharose which yielded an unadsorbed fraction (Ql) without trypsin 
inhibitory activity, three adsorbed fractions eluted with 0.2 M NaCI (Q2), 0.5 M 
NaCI (Q3) and 1 M NaCI (Q4) in buffer, respectively. Trypsin inhibitory activity was 
detected only in fraction Q3 eluted with 0.5 M NaCI. Fraction Q3 was fractionated 
on Mono Q (Fig 6.2). Trypsin inhibitory activity that resided in MQ4 was further 
resolved on Superdex 75 into two adjacent peaks. Activity was confirmed to the first 
peak which was the purified TI BGTIl (Fig 6.3). 
On the other hand, fraction S2 was separated by Q-Sepharose and 3 fractions were 
yielded, an unadsorbed fraction (Q'l) devoid of trypsin inhibitory activity, two 
adsorbed fractions eluted with 0.2 M NaCI (Q'2) and 1 M NaCI (Q'3) in buffer, 
respectively. Trypsin inhibitory activity was enriched in fraction Q'2 (data not 
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shown). This fraction was then further chromatographed on Mono Q column (Fig 6.4) 
to yield fraction MQ'3 which was separated on a Mono S column which yielded 2 
different trypsin inhibitory fractions, MS3 and MS5 (Fig 6.5) which both appeared as 
a single peak in gel filtration (Fig 6.6; Fig 6.7) and represented purified BGTI2 and 
BGTI3 respectively. 
The 3 purified black gram trypsin inhibitors were denoted as BGTIl, BGTI2 and 
BGTI3. BGTIl has the lowest molecular mass among the three, with a band of 
around 15 kDa observed in SDS-PAGE (Fig 6.8)，while BGTI2 and BGTI3 have 
molecular masses around 16 kDa and a single 16 kDa band in SDS-PAGE was 
observed in both samples (Fig 6.9; Fig 6.10). For BGTIl, a final yield of 3 mg 
protein and a purification fold of 21 was achieved (Table 6.1). On the other hand, 4 
‘ mg and 2 mg were obtained for BGTI2 and BGTI3 respectively, and their respective 
purification folds were 20.6 and 18.8 (Table 6.2; Table 6.3). The N-terminal 
sequences of BGTIl and BGTI3 are similar to those of trypsin inhibitors isolated 
from other legume species (Fig 6.11; Fig 6.12). Protein sequencing of BGTI2 could 
not be achieved as it was N-terminally blocked. 
All the three black gram trypsin inhibitors were able to inhibit the protease activities 
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of both trypsin and chymotrypsin (Table 6.4). In the presence of DTT, the trypsin 
inhibitory activity of BGTI2 was unaffected upon treated with 100 mM DTT for 2 
hours (data not shown). And for BGTIl，87.5 % of trypsin inhibitory was retained 
after a 2-hours treatment of 10 mM DTT, and the activity dwindled to 12.5% when 
treated with 100 mM DTT for 2 hours (Fig 6.13). BGTI3 was also unstable upon 
DTT treatment. In the presence of 10 mM DTT, trypsin inhibitory of BGTI3 dropped 
to 57.1 % after 1 hour and became undetectable after 2 hours, while treatment with 
100 mM DTT for 1 hour had the same effect (Fig 6.14). 
Among the 3 inhibitors, BGTIl did not inhibit the activity of HIV-1 reverse 
transcriptase at a concentration as high as 60 mM. On the other hand, BGTI2 and 
BGTI3 weakly inhibited HIVl-RT activity, with IC50 values of 20 mM and 15 mM 
respectively. And all the 3 inhibitors were found to be devoid of anti-tumor effect on 
the cell lines HepG2 and MCF-7, and anti-fungal activity towards the fungal strains 
Botrytis cinerea, Mycosphaerella arachidicola, and Fusarium oxysporum. 
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Table 6.1. Purification of BGTIl. 
Specific . Total Total 
. . Purification . Recovery of 
activity Protein Activity 
fold ； Activity (%) 
(U/mg) (mg) (Uxl03) 
Crude Extract 1 3374 15713 100 
SP-Sepharose (SI) 10742 2.3 962 10334 66 
SP-Sepharose (S2) 13792 3.0 857 11820 75 
SP-Sepharose (S3) ^ - 1042 - -
Q-Sepharose (Ql) ^ - ^ - -
Q-Sepharose (Q2) ^ - m - -
Q-Sepharose (Q3) 25145 5.4 239 6010 38 
Q-Sepharose (Q4) ^ - ^ - -
After Mono Q (MQ4) 63618 13.7 20 1272 8 
After Superdex 75 97483 20.9 3 292 2 
Key: NA: No detectable activity 
Table 6.2. Purification of BGTI2. 
Specific Total Total 
Purification Recovery of 
activity ^ , , Protein Activity � fold / Activity (%) 
‘ (U/mg) (mg) (Uxl0') 
Crude Extract 4657 1 3374 15713 100 
•SP-Sepharose (SI) 10742 2.3 962 10334 66 
SP-Sepharose (S2) 13792 3.0 857 11820 75 
SP-Sepharose (S3) ^ - 1042 - -
Q-Sepharose (Q，l) ^ - ^ - -
Q-Sepharose (Q’2) 38438 8.3 239 9187 58 
Q-Sepharose (Q,3) NA - 153 - -
After Mono Q (MQ'3) 95894 20.6 47 4507 ^ 
After Mono S (MS3) 94382 20.3 10 944 6 
After Superdex 75 95727 20.6 4 383 2 
Key: NA: No detectable activity 
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Table 6.3. Purification of BGTI3. 
Specific Total Total 
. • Purification . . Recovery of 
activity Protein Activity 
fold ； Activity (%) 
(U/mg) (mg) (UxlO^) 
Crude Extract 1 3374 15713 100 
SP-Sepharose (SI) 10742 2.3 962 10334 66 
SP-Sepharose (S2) 13792 3.0 857 11820 75 
SP-Sepharose (S3) ^ - 1042 - -
Q-Sepharose (Q，l) ^ - m - -
Q-Sepharose (Q，2) 38438 8.3 239 9187 58 
Q-Sepharose (Q,3) ^ - - -
After Mono Q (MQ'3) 95894 20.6 47 4507 29 
After Mono S (MS5) 82749 17.8 8 662 4 
‘. After Superdex 75 87351 18.8 2 175 1 
Key: NA: No detectable activity 
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Fig 6.2. Profile of elution of fraction Q3 from Mono Q ion-exchange column. 
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Fig 6.3. Profile of elution of fraction MQ4 from Superdex 75 gel filtration column. 
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Fig 6.4. Profile of elution of fraction Q'2 from Mono Q ion-exchange column. 
Trypsin inhibitory activity was only found in peak MQ'3. The flow rate used was 2 
ml/min. 
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Fig 6.5. Profile of elution of fraction MQ'3 from Mono S ion-exchange column. 
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Fig 6.8. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
‘ pattern. Molecular mass markers (from top): phosphorylase b (94 kDa), bovine 
serum albumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), trypsin 
inhibitor (20 kDa) and a-lactalbumin (14.4 kDa). BGTIl: Black gram trypsin 
inhibitor 1. 
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Marker BGTI2 
‘ Fig 6.9. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
pattern. Molecular mass markers (from top): phosphorylase b (94 kDa), bovine 
serum albumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), trypsin 
inhibitor (20 kDa) and a-lactalbumin (14.4 kDa). BGTI2: Black gram trypsin 
inhibitor 2. 
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Fig 6.10. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
pattern. Molecular mass markers (from top): phosphorylase b (94 kDa), bovine 
serum albumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), trypsin 
inhibitor (20 kDa) and a-lactalbumin (14.4 kDa). BGTI3: Black gram trypsin 
inhibitor 3. 
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Table 6.4. The inhibitory activities of purified BGTIs against bovine trypsin and 
chymotrypsin. Equal volume (30 |il) of BGTI and trypsin solution (0.125 mg/ml) 
was mixed and incubated for 15 min before assaying spectrophotometrically the 
residual trypsin and chymotrypsin activity using BAEE or BTEE as substrate 
respectively. 
Trypsin Chymotrypsin 
[BGTI 1 ] (nM) % Inhibition [BGTI 1 ] (nM) % Inhibition 
270 87.5 456 100.0 
135 41.7 228 97.8 
68 16.7 114 73.3 
34 0.0 57 41.3 
[BGTI2] (nM) % Inhibition [BGTI2] (nM) % Inhibition 
110 91.7 2188 53.3 
55 54.2 1094 28.9 
‘ 28 33.3 547 11.1 
14 0.0 273 6.7 
[BGTI3] (nM) % Inhibition [BGTI3] (nM) % Inhibition 
125 83.5 5000 36.7 
63 50.0 2500 22.3 
31 16.7 1250 10.0 
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Fig 6.13. Effect of DTT on the trypsin inhibitory activity of BGTIl. A specific 
amount of BGTIl was incubated with different concentrations of DTT for different 
time lengths. Reactions were stopped by adding iodoacetamide. Residual trypsin 
inhibitory activities were assayed. 
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Fig 6.14. Effect of DTT on the trypsin inhibitory activity of BGTI3. A specific 
amount of BGTI3 was incubated with different concentrations of DTT for different 
time lengths. Reactions were stopped by adding iodoacetamide. Residual trypsin 
inhibitory activities were assayed. 
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6.4 Discussion 
In the present study, proteins in black gram were extracted using an acidic buffer (pH 
4.5). This extraction precipitated a portion of proteins devoid of trypsin inhibitory 
activity. And the extracted sample could be applied directly to ion-exchange 
chromatography on SP-Sepharose. During purification, a total of 3 trypsin 
isoinhibitors were found. Their final purification folds obtained were around 20 
which fall within the normal range for trypsin inhibitor isolation as reported 
previously (Hara et al., 1989; Tashiro et al., 1991; Hamato et al., 1995; Haldar et al., 
1996; Huang et al., 1999). 
The occurrence of isoinhibitors has been reported in other species. For example, 
soybean contains a Bowman-Birk type inhibitor as well as the classical soybean 
trypsin inhibitor, which is of the Kunitz type. Isoinhibitors are also commonly found 
in Cucurbitaceous species, like C. meh (Lee and Lin, 1995) and M. charantia 
(Hamato et al., 1995). Usually, all the isoinhibitors are very similar in molecular 
weight and there are only slight differences in their amino acid sequence. However, 
their properties, like activities against proteases, might differ. This is likely to be 
caused by the difference in the critical amino acid residues which constitute the 
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reactive site. The isoinhibitors in black gram have similar molecular weight, with 15 
kDa for BGTIl and 16 kDa for both BGTI2 and BGTI3. Despite the difference in 
N-terminal sequence, BLAST search revealed that all the BGTIs have sequence 
homology to those protease inhibitors from other legume species. 
All of the 3 BGTIs could inhibit the proteolytic activity of trypsin. As for 
chymotrypsin, their inhibitory activities were different, with BGTIl being the most 
potent one, BGTI2 less potent and BGTI3 the least. Moreover, their stabilities 
against the reducing power of DTT differ as well. BGTI2 demonstrated remarkable 
resistance against DTT, with fully retained trypsin inhibitory activity after treated 
with 100 mM of DTT for 2 hours, a condition which most protease inhibitors lost 
their activities completely (see Chapter 5). On the other hand, BGTIl and BGTI3 
were sensitive to DTT treatment, with BGTIl being the more stable one. 
Unfortunately, like the lentil trypsin inhibitor reported in chapter 5, all the 3 BGTIs 
failed to demonstrate anti-proliferative effect towards the cancer cell lines HepG2 
and MCF-7, as well as anti-fungal activity against the fungal strains Botrytis cinerea, 
Mycosphaerella arachidicola, and Fusahum oxysporum. 
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In summary, three trypsin isoinhibitors were isolated from black gram by a series of 
ion-exchange chromatography and gel filtration. They have similar molecular 
weights and they display sequence homology to other legume protease inhibitors. 
But they are different in their activities towards proteases and stability against DTT. 
It is noteworthy that BGTI2 completely retained its activity after DTT treatment. 
This suggested that the active structure of it does not rely on disulfide linkages or its 
disulfide bonds are completely shielded from the solvent. 
i 
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Chapter 7: General Discussion 
For a plant to survive, it is crucial for it to defend against the invasion of pathogens 
like bacteria, fungus and insects. In order to accomplish this, plants produce a wide 
variety of defense proteins including lectins, anti-fungal proteins and protease 
inhibitors. The actions of these proteins are usually redundant, that is, more than one 
class of protein is able to protect the plant against a particular pathogen. It is 
common for a lectin to demonstrate anti-fungal and anti-bacterial activities, while 
some protease inhibitors exhibit anti-fungal and anti-insect activities. Nevertheless, 
despite having similar functions, these proteins have their own specialized role to 
play in plant defense. 
Lectins are characterized by its ability to bind to simple or complex saccharides 
specifically and reversibly. There are a wide range of lectins with different 
carbohydrate specificities. This variety and specificity of binding carbohydrates 
allows lectins to interact specifically with different molecules inside the plant or even 
outside the plant. With the ability to interact with the environment, it is possible for a 
plant to recognize any pathogen attacking it. Therefore, the main role of lectins in the 
plant's defense mechanism is suggested to be recognizing threat to the plant. Some 
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lectins are devoid of inhibitory activities against bacterial or fungal strains, like the 2 
lectins under the current study, DBL and YBL. However they can be indirectly 
involved in the elimination of pathogens by recognizing the presence of pathogens, 
and then elicit a response in which the actual "killer" proteins, like anti-fungal 
proteins, were produced to eliminate the invading pathogens. 
Meanwhile, protease inhibitors provide another defense mechanism against 
pathogens. Some protease inhibitors were shown to have direct anti-fungal activity 
(Soares-Costa et al., 2002). Anti-insect activity was demonstrated by some Pis as 
well (Macedo et al., 2004). Insect growth is retarded due to the hyperproduction of 
gut proteases like trypsin to compensate for the loss of protease activity which results 
in the depletion of essential amino acids. Although the trypsin inhibitors under the 
‘ current investigation did not exhibit anti-fungal activity, it is possible that they could 
inhibit the growth of insects. 
The combinatorial effect of lectins and protease inhibitors offers plants a broad range 
of defense against different pathogens. The importance of these proteins is illustrated 
by their universal occurrence in a wide variety of plants. 
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Lectins and Pis are not only important to plants but to human as well. The 
immunomodulatory activity of some lectins played an important role in the advances 
in immunology, while its high specificity for carbohydrate moieties makes early 
detection of many types of cancer possible. Recent advances in glycomic research 
are as well hugely contributed by lectins. The search for novel lectins or lectins with 
special characteristics is important in driving carbohydrate research further. On the 
other hand, many evidences suggest that protease inhibitors can prevent malignant 
transformation of cells, i.e. prevent cancer formation. It is understood that different 
protease inhibitors are effective against different kinds of cancer. Moreover, 
transferring PI genes into crops increases its resistance against pathogens and pests. 
Again, different crops are susceptible to the attack of different pests. A single PI is 
not enough to tackle all of them. Thus the search for Pis with different properties is 
‘ crucial in providing more options for each case in order to optimize the outcome. 
This is indeed the central rationale of the current study. 
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